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Projects and Cireuits 


HEARING LOOP LEVEL METER - PART 1 
by John Clarke 


Set the correct signal level and minimise noise in hearing loops with this project 


DIGITAL LIGHTING CONTROLLER - PART 2 
by Nicholas Vinen and Jim Rowe 


Build and test the master and slave units to create a lighting extravaganza 


RFID SECURITY SYSTEM 
By Jeff Monegal 


An easy-to-build high-security system for home, car, workshop or shed 


EASY USB plus TELESCOPE DRIVER CONTROL 
By Martin Crane 


Software for programming a serial USB port to connect your PC to a 
PIC-based peripheral; plus a real example of how to use the software 


INGENUITY UNLIMITED 
The only auto-dialler you'll ever need 


TECHNO TALK by Mark Nelson 

Happier motoring 

REVIEW - PICOSCOPE 3406B by Robert Penfold 
An impressive PC-based oscilloscope from Pico 


JUMP START by Mike and Richard Tooley 


Frost Alarm 
MAX’S COOL BEANS by Max The Magnificent 
| Want... ...a 3D world globe display ...a hover scooter 


CIRCUIT SURGERY by lan Bell 
Early effect and Early voltage 


PRACTICALLY SPEAKING by Robert Penfold 
Made to measure! 


NET WORK by Alan Winstanley 
Time for FTP... Fried chips... Coming into range... Trail blazing 


Regulars and Services 


EDITORIAL 
Less is more 


NEWS - Barry Fox highlights technology’s leading edge 
Plus everyday news from the world of electronics 


EPE BACK ISSUES Did you miss these? 


MICROCHIP READER OFFER 
EPE Exclusive —- Win a Microchip PICDEM 4 Demo Board 


SUBSCRIBE TO EPE and save money 
CD-ROMS FOR ELECTRONICS 


A wide range of CD-ROMs for hobbyists, students and engineers 


READOUT - Matt Pulzer addresses general points arising 
DIRECT BOOK SERVICE 


A wide range of technical books available by mail order, plus more CD-ROMs 


EPE PCB SERVICE 
PCBs for EPE projects 
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Solutions for Home, Education & Industry Since 1993 


PIC & ATMEL Programmers 


We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
documentation available from our web site. 


Programmer Accessories: 

40-pin Wide ZIF socket (ZIF40W) £14.95 
18Vdc Power supply (PSU121) £22.95 
Leads: Parallel (_DC136) £3.95 / Serial 
(LDC 441) £3.95 / USB (LDC644) £2.95 


USB & Serial Port PIC Programmer 

. USB/Serial connection. 
Header cable for ICSP. 
Free Windows XP soft- 
ware. See website for PICs 
supported. ZIF Socket and 
” USB lead extra. 18Vdc. 
Kit Order Code: 3149EKT - £49.95 
Assembled Order Code: AS3149E - £64.95 
Assembled with ZIF socket Order Code: 
AS3149EZIF - £74.95 


USB Flash PIC Programmer 
USB PIC programmer for a wide 
range of Flash devices—see 
website for details. Free Windows 
Software. ZIF Socket and USB 
lead not included. Powered via 
USB port - no external power 
supply required. 

Assembled with ZIF socket Order Code: 
AS3150ZIF - £64.95 


ATMEL 89xxxx Programmer 
Uses serial port and any 
standard terminal comms 
program. 4 LED’s display 
the status. ZIF sockets not 
included. Supply: 16Vdc. 

Kit Order Code: 3123KT - £28.95 

Assembled Order Code: AS3123 - £39.95 


Introduction to PIC Programming 
Go from complete beginner 
to burning a PIC and writing 
code in no time! Includes 49 
page step-by-step PDF 
Tutorial Manual, Program- 
ming Hardware (with LED 
test section), Win 3.11—XP Programming 
Software (Program, Read, Verify & Erase), 
and 1rewritable PIC16F84A that you can use 
with different code (4 detailed examples pro- 
vided for you to learn from). PC parallel port. 
Kit Order Code: 3081KT - £16.95 
Assembled Order Code: AS30871 - £24.95 


PIC Programmer Board 


Low cost PIC program- 
mer board supporting 
a wide range of Micro- 
chip® PIC™ microcon- 
trollers. Requires PC 
serial port. Windows 
interface supplied. 


Kit Order Code: K8076KT - £34.95 


01279 


Credit Card 
Sales 


PIC Programmer & Experimenter Board 


The PIC Programmer & 
Experimenter Board with 
test buttons and LED indi- 
cators to carry out educa- 
tional experiments, such as 
the supplied programming examples. In- 
cludes a 16F627 Flash Microcontroller that 
can be reprogrammed up to 1000 times for 
experimenting at will. Software to compile 
and program your source code is included. 
Kit Order Code: K8048KT - £34.95 
Assembled Order Code: VM111 - £44.95 


Controllers & Loggers 


Here are just a few of the controller and 
data acquisition and control units we have. 
See website for full details. 12Vdc PSU for 
all units: Order Code PSU446 £8.95 


USB Experiment Interface Board 
5 digital input chan- 
nels and 8 digital out- 
put channels plus two 
analogue inputs and 
two analogue outputs 
with 8 bit resolution. 
Kit Order Code: K8055NKT - £29.95 
Assembled Order Code: VM110N - £43.95 


Rolling Code 4-Channel UHF Remote 
State-of-the-Art. High security. 

4 channels. Momentary or ' 
latching relay output. Range 
up to 40m. Up to 15 Tx’s can 
be learnt by one Rx (kit in- 
cludes one Tx but more avail- 
able separately). 4 indicator LED ’s. Rx: PCB 
77x85mm, 12Vdc/6mA (standby). Two & Ten 
Channel versions also available. 

Kit Order Code: 3180KT - £54.95 

Assembled Order Code: AS3180 - £64.95 


Computer Temperature Data Logger 
Serial port 4-channel tem- 
perature logger. °C or °F. 
Continuously logs up to 4 
separate sensors located 
200m+ from board. Wide 
range ot tree software applications for stor- 
ing/using data. PCB just 45x45mm. Powered 
by PC. Includes one DS1820 sensor. 

Kit Order Code: 3145KT - £19.95 
Assembled Order Code: AS3145 - £26.95 
Additional DS1820 Sensors - £4.95 each 


Remote Control Via GSM Mobile Phone 
Place next to a mobile phone (not 
included). Allows toggle or auto- 
timer control of 3A mains rated 
output relay from any location 

with GSM coverage. 

Kit Order Code: MK160KT - £11. 95 


Most items are available in kit form (KT suffix) 
or pre-assembled and ready for use (AS prefix). 


467799 


4-Ch DTMF Telephone Relay Switcher 
Call your phone num- 
ber using a DTMF 
phone from anywhere 
in the world and re- 
motely turn on/off any 
of the 4 relays as de- uw 

sired. User settable Security Password, Anti- 
Tamper, Rings to Answer, Auto Hang-up and 
Lockout. Includes plastic case. 130 x 110 x 
30mm. Power: 12Vdc. 

Kit Order Code: 3140KT - £79.95 
Assembled Order Code: AS3140 - £94.95 


8-Ch Serial Port Isolated I/O Relay Module 
Computer controlled 8 

channel relay board. 5A 

mains rated relay outputs 

and 4 opto-isolated digital 

inputs (for monitoring 

switch states, etc). Useful 

in a variety of control and e 
sensing applications. Programmed via serial 
port (use our new Windows interface, termi- 
nal emulator or batch files). Serial cable can 
be up to 35m long. Includes plastic case 
130x100x30mm. Power: 12Vdc/500mA. 

Kit Order Code: 3108KT - £74.95 
Assembled Order Code: AS3108 - £89.95 


Infrared RC 12—Channel Relay Board 
Control 12 onboard relays with 
included infrared remote con- 
trol unit. Toggle or momentary. 
15m+ range. 112 x 122mm. 
Supply: 12Vdc/0.5A 

Kit Order Code: 3142KT - £64.95 

Assembled Order Code: AS3142 - £74.95 


Audio DTMF Decoder and Display 

Detect DTMF tones from 

tape recorders, receivers, 

. two-way radios, etc using 

the built-in mic or direct 

from the phone line. Char- 
/ acters are displayed on a 

16 character display as they are received and 

up to 32 numbers can be displayed by scroll- 

ing the display. All data written to the LCD is 

also sent to a serial output for connection to a 

computer. Supply: 9-12V DC (Order Code 

PSU303). Main PCB: 55x95mm. 

Kit Order Code: 3153KT - £37.95 

Assembled Order Code: AS3153 - £49.95 


3x5Amp RGB LED Controller with RS232 
3 independent high power 
channels. Preprogrammed 
or user-editable light se- 
quences. Standalone op- 
tion and 2-wire serial inter- 
face for microcontroller or 
PC communication with simple command set. 
Suitable for common anode RGB LED strips, 
LEDs and incandescent bulbs. 56 x 39 x 
20mm. 12A total max. Supply: 12Vdc. 

Kit Order Code: 8191KT - £29.95 

Assembled Order Code: AS8191 - £39.95 


Here are a few of the most recent products 


added to our range. See website or join our 
email Newsletter for all the latest news. 


4-Channel Serial Port Temperature 
Monitor & Controller Relay Board 
4 channel computer 
serial port temperature 
monitor and relay con- 
troller with four inputs 
for Dallas DS18S20 or 
DS18B20 digital ther- 
mometer sensors (£3.95 each). Four 5A 
rated relay channels provide output control. 
Relays are independent of sensor channels, 
allowing flexibility to setup the linkage in any 
way you choose. Commands for reading 
temperature and relay control sent via the 
RS232 interface using simple text strings. 
Control using a simple terminal / comms 
program (Windows HyperTerminal) or our 
free Windows application software. 

Kit Order Code: 3190KT - £84.95 
Assembled Order Code: AS3190 - £99.95 


40 Second Message Recorder 
Feature packed non-volatile 
40 second multi-message 
sound recorder module us- 
ing a high quality Winbond 
sound recorder IC. Stand- as 
alone operation using just six onboard but- 
tons or use onboard SPI interface. Record 
using built-in microphone or external line 
in. 8-24 Vdc operation. Just change one re- 
sistor for different recording duration/sound 
quality. sampling frequency 4-12 kHz. 

Kit Order Code: 3188KT - £29.95 
Assembled Order Code: AS3188 - £37.95 
120 second version also available 


Bipolar Stepper Motor Chopper Driver 

Get better performance from 

your stepper motors with this 

dual full bridge motor driver 

based on SGS Thompson 

chips L297 & L298. Motor 

current for each phase set 

using on-board potentiometer. Rated to han- 

dle motor winding currents up to 2 Amps per 

phase. Operates on 9-36Vdc supply voltage. 

Provides all basic motor controls including full 
or half stepping of bipolar steppers and direc- 
tion control. Allows multiple driver synchroni- 

sation. Perfect for desktop CNC applications. 
Kit Order Code: 3187KT - £39.95 

Assembled Order Code: AS3187 - £49.95 


Video Signal Cleaner 
Digitally cleans the video 
signal and removes un- 
wanted distortion in video 


signal. In addition it stabilises 
picture quality and luminance fluctuations. 
You will also benefit from improved picture 
quality on LCD monitors or projectors. 

Kit Order Code: K8036KT - £29.95 
Assembled Order Code: VM106 - £44.95 


Most items are available in kit form (KT suffix) 
or assembled and ready for use (AS prefix). 


Motor Speed Controllers 


Here are just a few of our controller and 
driver modules for AC, DC, Unipolar/Bipolar 
stepper motors and servo motors. See 
website for full details. 


DC Motor Speed Controller (100V/7.5A) 
Control the speed of 
almost any common DC 
motor rated up to 
100V/7.5A. Pulse width 
modulation output for 
maximum motor torque 
at all speeds. Supply: 5-15Vdc. Box supplied. 
Dimensions (mm): 60Wx100Lx60H. 

Kit Order Code: 3067KT - £19.95 

Assembled Order Code: AS3067 - £27.95 


Bidirectional DC Motor Speed Controller 
Control the speed of 
most common DC 
motors (rated up to 
32Vdc/10A) in both the 
forward and reverse 
direction. The range of 
control is from fully OFF to fully ON in both 
directions. The direction and speed are con- 
trolled using a single potentiometer. Screw 
terminal block for connections. 

Kit Order Code: 3166v2KT - £23.95 
Assembled Order Code: AS3166v2 - £33.95 


Computer Controlled / Standalone Unipo- 
lar Stepper Motor Driver 
Drives any 5-35Vdc 5, 6 
or 8-lead unipolar stepper 
motor rated up to 6 Amps. 
Provides speed and direc- 
tion control. Operates in stand-alone or PC- 
controlled mode for CNC use. Connect up to 
six 3179 driver boards to a single parallel 
port. Board supply: 9Vdc. PCB: 80x50mm. 
Kit Order Code: 3179KT - £17.95 
Assembled Order Code: AS3179 - £24.95 


Computer Controlled Bi- ia a 
Motor Driver 

Drive any 5-50Vdc, 5 Amp 
bi-polar stepper motor using 
externally supplied 5V lev- 
els for STEP and DIREC- yi 
TION control. Opto-isolated F 
inputs make it ideal for CNC applications 
using a PC running suitable software. Board 
supply: 8-30Vdc. PCB: 75x85mm. 

Kit Order Code: 3158KT - £24.95 
Assembled Order Code: AS3158 - £34.95 


AC Motor Speed Controller (600W) 
Reliable and simple to 

install project that allows 

you to adjust the speed of 

an electric drill or 230V AC 

single phase induction 

motor rated up to 600 

Watts. Simply turn the potentiometer to adjust 
the motors RPM. PCB: 48x65mm. Not suit- 
able for use with brushless AC motors. 

Kit Order Code: 1074KT - £15.95 
Assembled Order Code: AS1074 - £23.95 


See www.quasarelectronics.com for lots 
more DC, AC and Stepper motor drivers 
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The Electronic Kit Specialists Since 1993 


Electronic Project Labs 


Great introduction to the world of electron- 
ics. Ideal gift for budding electronics expert! 


500-in-1 Electronic Project Lab 
Top of the range. Com- 
plete self-contained elec- 
tronics course. Takes you 
from beginner to ‘A’ Level 
standard and beyond! 
Contains all the hardware 
and manuals to assemble 
500 projects. You get 3 
comprehensive course 
books (total 368 pages) - Hardware Entry 
Course, Hardware Advanced Course and a 
microprocessor based Software Program- 
ming Course. Each book has individual circuit 
explanations, schematic and connection dia- 
grams. Suitable for age 12+. 

Order Code EPL500 - £179.95 

Also available: 30-in-1 £17.95, 50-in-1 
£29.95, 75-in-1 £39.95 £130-in-1 £49.95 & 
300-in-1 £79.95 (see website for details) 


Tools & Test Equipment 


We stock an extensive range of soldering 


tools, test equipment, power supplies, 
inverters & much more - please visit web- 
site to see our full range of products. 


Advanced Personal Scope 2 x 240MS/s 
Features 2 input chan- 

nels - high contrast LCD eT 

with white backlight - full 
auto set-up for volt/div 
and time/div - recorder 
roll mode, up to 170h per 


screen - trigger mode: 
run - normal - once - roll ... 


CH 


- adjustable trig- 
ger level and slope and much more. 
Order Code: APS230 - £499-95 £394.95 


Personal Scope 10MS/s 

The Personal Scope is not a 
graphical multimeter but a com- 
plete portable oscilloscope at the 
size and the cost of a good mul- 
timeter. Its high sensitivity - down 
to 0.1mV/div - and extended 
scope functions make this unit 
ideal for hobby, service, automo- 
tive and development purposes. Because of 
its exceptional value for money, the Personal 
Scope is well suited for educational use. 
Order Code: HPS10 - £180-85 £139.95 


See website for more super deals! 


www. quasarelectronics.com 


Secure Online Ordering Facilities e Full Product Listing, Descriptions & Photos e Kit Documentation & Software Downloads 
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ARDUINO KITS 


Arduino Experimenters Kit 


Servo motor, lights, buttons, switches, 
sound, sensors, breadboard, wires 

and more are included with a 

Freetronics Eleven Arduino 

compatible board in this ba 
extensive hobby Pal 
experimenter and & 


starter kit. 


Coie 
© Comprehensive SAS 
instructions included 
© Size: 340(W) x 165(H) x 36(D) mm 
H-Bridge Motor Driver Shield for Arduino 


Directly drive DC motors using your 
Arduino compatible board and this 
shield, which provides PWM (Pulse- 
Width Modulation) motor output on 

2 H-bridge channels to let your board 
control the speed, direction and 

power of two motors independently. 


¢ Suitable for 5, 12, or 24V motors up to 2A 


e All outputs are diode and 
back-EMF peri £11.00*| 
© Size: 60(VV) x 54(H) 


x 12(D)mm 


IR Temperature Sensor Module for Arduino 


Connect this to your Arduino 

compatible board and point it at a 
surface or heat source to remotely & 
measure its temperature. 


e 3.3 to 5V operation 
© -33 to +220°C measurement 
range, 1 second response time 


° Size: 38(W) x 14(H) x 12(D)mm a Pal 


128 x 128 Pixel OLED Display 
Module for Arduino 


High resolution, full colour OLED 
display module! Perfect for 
graphics, gauges, graphs, even 
make your own video game or 
interactive display. 


© 16,384 full colour RGB pixels 
ina 128 x 128 format 

e Active display area 28.8 x 
26.8mm, (1.5" diagonal) 

e Size: 44(W) x 36(H) x 5(D)mm 


RGB LED Cube Kit for Arduino 


This stunning 3D-matrix of 64 RGB LEDs connects 
directly to your Arduino-compatible board so you 
can produce mesmerising light shows controlled 
by software. Use it as a mood light or create your 
own "ambient device" that gently notifies you of 
new email or instant messages. 


e©4x 4x 4 matrix of individually 
addressable 8mm RGB LEDs 
e Arduino driver library with 
example programs 
e Includes ZigBee headers 
so you can add a 
wireless module 
Size: 106(W) x 130(H) 
x 106(D)mm (assembled) 


Jaycar 
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Solar Powered Shed Alarm Kit 


Not just for sheds, but for any location where you 
want to keep undesirables out but don't 
have access to mains power e.g a boat 
ona mooring. It has 3 inputs so YOu y 
can add extra sensors as 

required, plus all the 

normal entry/exit 

delay etc. Short 

form kit only - add 

your own solar 

panel, SLA battery, 

sensors and siren. 


¢ Supply voltage: 12VDC 

¢ Current: 3mA during exit delay; 500yA with 
standard PIR connected 

e Alarm period: approximately 25 seconds to 2.5 
minutes adjustable 


Mains Timer Kit for Fans & Lights 


This simple circuit provides a turn-off 

delay for a 230VAC light or a fan, 

such as a bathroom fan set to 

run for a short period after the 

switch has been tuned off. 

The circuit consumes no 

stand by power when load 

is off. Kit supplied with PCB, 

case and electronic components. 

Includes 100nF capacitor for 1 min to 25 mins. 
See website for a list of alternate capacitors for 
different time periods between 5 seconds to 1 hour. 


* Handles loads up to 5A ll 
¢ PCB: 60 x 76 f\ 
Switching Regulator Kit 


Outputs 1.2 to 20V from a higher 
voltage DC supply at currents up to 
1.5A. It is small, efficient and with 
many features including a 

very low drop-out voltage, 

little heat generation, 

electronic shutdown, soft 

start, thermal, overload 

and short circuit ( 
protection. Kit supplied 

with PCB, pre-soldered surface 
mounted components. 


© PCB: 49.5 x 34mm 


ELECTRONIC PROJECTS FOR KIDS 
Educational FM Radio Kit 


Allows kids to build their very own FM radio! No 
soldering required but requires the use of a long- 
nosed pliers and wire cutters (not included). 


e Requires 2 x AA 
batteries 

e Assembly time: 
2 hours 

e Recommended 
for ages 8+ 

e Size: 220(L) x 
179(W) x 
71(H)mm 


Stereo Digital to Analogue 
Converter Kit 


If you listen to 

CDs through a 

DVD player, —_— 

you can get sound quality equal © 

to the best high-end CD players 

with this DAC kit. It has one coaxial S/PDIF input and 
two TOSLINK inputs to which you can connect a DVD 
player, set-top box, DVR, computer or any other source 
of linear PCM digital audio. It also has stereo RCA 
outlets for connection to a home theatre or Hi-Fi 
amplifier. See website for full specifications. 


e Short form kit with I/O, DAC and switch 
PCB and on-board components only. 

e Requires: PSU (KC-5418 £7.50) 
and toroidal transformer (MT-2086 £8.25) 


LED Battery Voltage Indicator Kit 


This tiny circuit measures just 25mm x 25mm and 
will provide power indication and low voltage 
indication using a bi-colour LED, and can be used in 
just about any piece of battery operated equipment. 
Current consumption is only 3mA at 6V and 8mA at 
10V and the circuit is suitable for equipment 
powered from about 6-30VDC. 

With a simple circuit change, the 

bi-colour LED will produce a red 

glow to indicate that the voltage 

has exceeded a preset value. 


¢ PCB, bi-colour LED and 
all specified electronic 
components supplied 
* PCBn25x.25mm 


Regulated Voltage Adaptor Kit 


A low-powered DC 

converter suited for 

many applications 

such as a peripheral 

computer power supply, 

powered speakers, modems, 

music/MIDI keyboards, etc. Just plug it's 

input into your PCs internal power supply cable and 
have selectable regulated voltage out from 3 to 
15VDC. Output current capability is around 1.5 
amps depending on the size of heatsink used (heat 
sink sold separately). PCB plus electronic 


components included. 


¢ Input voltage MUST be larger 
than the required output voltage 
e PCB: 52 x 19mm 


12-in-1 Electrical Experiment Kit 


Contained within this kit are the parts to construct 
12 different experiments demonstrating various 
practical electronic theories and principles such as 
static electricity, electric motors, the function of 
resistors/diodes, solar power and more. 

Included is a manual with excellent 

information describing the theory 

and history associated with 

each experiment. 


in| W 
e Requires 2 x AA batteries Ae — 
e Recommended for ages 8+ ~ 
e Base size: 120(L) x 


99(W) x 


FREE CALL ORDERS: 0800 032 7241 


POPULAR Kits for Electronic Enthusiasts 


“resem Fridge 
Controller Kit Mk Il 
Cat. KC-5476 


Temperature Switch Kit 
Cat. KG-9140 


433MHz Remote Switch Kit 
Cat. KC-5473 


10A 12VDC Motor Speed 
Controller Kit 
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miniMaximite Controller Kit 
Cat. KC-5505 
A versatile and 
controller to inter 
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RAM end 256KB tlesh 
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CAN'T FIND THE KIT YOU ARE LOOKING FOR? 


Our central warehouse keeps a quantity of older 
and slow-moving kits that can no longer be held 
in stores. A list of kits can be found on our 
website, Just search for “kit back catalogue” 
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Full Function Smart Card 
Reader / Programmer Kit 
Cat. KC-5361 


This full function 5 


PC Controlled Stenpind Motor Kit 
Cat. KV. $694 


NOW SHIPPING VIA DHL 


* FAST DELIVERY * TRACK SHIPMENT 


working day 
delivery 


¢ We ship via DHL 

/ Expect 5-10 days 
for alr parcel 
dotivery 

/ Track & Trace parcel 


Order Volue Cost 
|\c10 c49.99 CS 
cso 99.99 C10 
£100 £199.99 £20 
£200 (499.99 030 


‘ _ Note: Product 
| <= co sore | 
pons wares despetched from Austrotia, | 
* Heavier parcetsPOA 56 tocol customs duty & 
* Minimum order (10 taxes moy copty 


ER ONLINE 


AAS 


ORL D 


 wayuariay | 
cr: WWW. 


www. jaycar.co.uk 
0800 0327241" 
+61 288323118" 
techstore@joycor.co,uk 
P.O. Box 107, Rydalmere NSW 2116 Australia 
* Australian Castern Standard Time 
(Monday - Friday 09.00 to 17.30 GMT + 10 hours) 


All prices in Pounds bSherting Prices volid unit 30/11/2012 


aycal ld co.! uk 


Ie KJ-8504 £12.50 


5-10 “i 


‘age 
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Short Circuits - Volume 1 


Short Circuits Boot 
BJ-8502 £3.75 


Short Circuits Project Kit 
Short Circuits Be 


nd Project Kit 


KJ-8502 £14.50 


Ay re ae 


Short Circuits Book - Volume Il 
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Short Circuits Volume Ill 
Cat. BJ-8505 


£5.50* 


*All prices EXCLUDE postage & packing 


Digital Echo Chamber Kit _ 

A compact sound effects kit, with 
built-in mic or line in, line out or 
speaker (500mW). 4 Adjustment con- 


trols 

Power: 9Vde 150mA. 

MK182Vellemankit £11.43 
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3rd Brake Light Flasher Kit 


Works with any incandescent or LED 
rear centre brake light. Flashes at 

~. 7Hz for 5 or 10 times, adjustable re- 
rlagering. 
Power: 12Vde max load 4A. 
MK178 Vellemankit £6.30 


e for 
e whole range, 
ieets, Software and more. 


www.esr.co.uk 


‘Now Available - Cebek Modul 
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(Digital Record/Pl. 

Non volatile flash memory, elagls 20 
sec recording via integral mic, 2W 
output to 8Q' speaker. 

Power: 5Vdc 100mA 


\C-9701 Cebek Module £7.89 


Multifunction Up/Down Counter 
An up or down counter via on-board 
button or ext input. Time display fea- 
ture. Alarm count output. 0-9999 dis- 


lay. 
Powe 9-12Vde 150mA 


K8035 Vellemankit £17.85 


2 Digital Counter 

Standard counter, 0 to 99 from 

input pulses or external signal. 
reset input, 13.5mm Displays, 

Power: 12Vdc 90mA. 


CD-9 Cebek Module £12.99 
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Digital Clock Mini Kit 


Red 7 Segment atest in attractive 
enclosure, automatic time base selec- 
tion, battery back-up, 12 or 24Hr 
modes. 

Power: 9Vac or de 


Nixie Clock Kit 

Gas filled nixie tubes with their dis- 

tinctive orange glow. HH:MM dis- 

play, automatic power sync 50/60Hz 
ower: 9-12Vac 300mA 


K8099 Vellemankit £64.96 


1.8W Mono Amplifier a 
Compact mono 1.8W RMS 40 
power stage, short circuit & re- 
verse polarity protection, 30- 

18kHz, Power: 4-14Vdc 150mA 


E-1Cebek Module £5.87 


MK151 Vellemankit £15.09 
Proximity Card Reader Kit 


A simple security kit with many appli- 
cations. RFID technology activates a 
relay, either on/off or timed. Supplied 
with 2 cards, can be used with up to 25 
cards. Power: 9Vac or dc 


MK179 Vellemankit £14.25 
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Mini USB Interface Board 
New from Velleman this little inter- 
‘ace module with 15 inputs/outputs 
inc digital & analogue in, PWM 
outputs. USB Powered 50mA, Soft- 
ware supplied 


VM167 Module £26.80 


iq 20W 2 Channel Amplifier ~ 
Mono amplifier with 2 channels (Low & 
lel frequecy), 20W RMS 40 per chan- 
nelmadibatableshighilevels22-20(rs% 
short circuit & reverse polarity protection. 
Power: 8-18Vde 2A 


E-14 Cebek Module £22.11 


"Ronnin Microbug Kit 
Powered by two subminiature mo- 
tors, this robot will run towards 
oie source. Novel shape PC 
with LED eyes. 


Power: 2 x AAA Batteries 
\MK127 Velleman kit £9.02 


Thermostat Mini Kit 

General purpose low cost thermostat 

kit. +5 to +30°C Easily modified tem- 

perature range/min/max/hysteresis 2 
A Relay 

Power: 12Vdc 100mA 

\MK138 Velleman Kit £4.55 © S 


5W Stereo Amplifier 

Stereo power stage with SW RMS 
4Q, 30-18kHz, short circuit & re- 
verse polarity protection. 

Power: 6-15Vdc 500mA 


ES-2 Cebek Module £21.54 


200W Power Amplifier 

A high quality audio power amp, 
200w music power @ 40 3-200kHz 
Available as a kit without heatsink 
or module including heatsink. 
K8060 Velleman kit £12.85 
Heatsink for kit £9.95 
VM100 Module £38.54 


Velleman Function Generator 
PC Based USB controlled function 
enerator. 0.01Hz to 2Mhz Pre- 
jefined & waveform editor. Software 
fupplied. See web site for full feature 
Ist. 


PCGU 1000 Velleman £118.38 


ia 12Vdc Power Supply 
Single rail regulated power suppl 
complete with transformer. 130m 
max, low ripple, 12Vdc with adjust- 
ment. 

| 

= FE-103 Cebek Module £13.16 


MP3 Player Kit 

Plays MP3 files from an SD card, 

supports ID3 tag which can be dis- 

played on optional LCD. Line & 
eadphone output. Remote control 

add-on. Power: 12Vdc 100mA 


K8095 Velleman kit £39.99 


Velleman PC Scope 

PC Based USB controlled 2 channel 

60Mhz oscilloscope with spectrum 

analyser & Transient recorder. 2 Zs 
Scope probes & software included. 

See web site for full feature list. 


PCSU 1000 Velleman £249.00 


1-180 Second Timer 
Universal timer with relay output. 
Time start upon power up or 
button. LED indication. 5A Relay 
Power: 12Vdc 60mA 


1-1 Cebek Module £12.92 


DC to Pulse width Modulator 

A handy kit to accurately control DC 

motors etc. Overload & short circuit 
rotection. Input voltage 2.5-35Vdc, 

Max output 6.5A. 

Power: 8-35Vdc 


Nees K8004 Velleman kit £9.95 


Velleman PC Scope/Generator 
PC Based USB controlled 2 channel 
oscilloscope AND Function genera- 
tor. Software included. See web site 
for full feature list. 


if 


PCSGU250 Velleman £113.67 


Cyclic Timer 


| Universal timer with relay output. 
Time start u on power up or push 
button. On & Off times 0.3-60 Sec- 
onds, LED indication. 5A Relay 
Power: 12Vdc 80mA 

i 


1-10 Cebek Module £14.12 


Audio Analyser Kit 

A small spectrum analyser with LCD, 
Suitable for use on 2, 4 or 8Q sys- 
tems, 300mW to 1200W/(20) O. 
20kHz Panel mounting, back-lit dis- 
play. Power: 12Vdc 75mA 


BKEO2.S VeBomankitzé 3-65 


RF Remote Control Transmitter 
Single channel RF eviod transmitter 
with over 13,122 combinations. Certi- 
fied radio frequency 433.92MHz. 
Power: 12Vdc 2mA (inc) For use with 
TL-1,2,3,4 receivers. 


TL-5 Cebek Module £14.64 


(Light Detector 
Adjustable light sensor operating 
a relay. Remote sensor & termi- 
nals for remote adjustment pot. 
SA Rela 
Power: 12Vde 60mA 


\-4 Cebek Module 


@ 


£13.98 


USB DMX Interface 


ushe 512 DMX Channels controlled by PC 
via USB. Software & case included. 
Available as a kit or ready assem- 
bled module. 
K8062 Velleman kit £47.90 
VM116 Module £67.15 


RF Remote Control Receiver 
Single channel RF receiver with relay 
output. Auto or manual code setup. 
Momentary puiput, 3A relay 

Power: 12Vdc 60mA For use with TL-5 
or TL-6 transmitters. 


TL-1 Cebek Module £28.25 


ia Liquid Level Detector 
liquid level operated relay. Re- 
mote sensor operates relay when 
in contact with a liquid. 5A Relay 
Power: 12Vdc 60m 


1-6 Cebek Module £13.08 


USB Interface Board 

Featuring 5 in, 8 digital outputs, 2 in 
& 2 ana eaee outputs. Su plied with 
software. Available as a kit or ready, 
assembled module. 


K8055 Velleman kit £24.80 
VM110 Module £34.90 
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Keypad Access Control 

An electronic lock with up to ten 4 
digit codes. Momentary or timed (1- 
60ec/1-60min) output. Relay 5A 
evel 12Vdc 100mA Keypad includ- 
ed. 4 


DA-03 Cebek Module £54.26 


Thermostat 

A temerature controlled relay. Ad- 
justable between -10 to 60°C Sen- 
sor on remote PCB. Connector for 
external adjustment pot. 5A Relay 
Power: 12Vdc 60mA 


1-8 Cebek Module £12.80 Wh 


8 Channel USB Relay Board 
PC Controlled 16A relays with ieee 
le, momentary or timed action. Test 
uttons included, available in a kit 
or assembled. 
Le K8090 Velleman kit £39.95 


VM8090 Module £58.40 


AC Motor Controller 
A 230Vac 375W motor speed con- 
trol unit giving 33 to 98% of full 


ower. 
Bower 230Vac 


R-8 Cebek Module = £12.14 / 


SS = 


(— Start / Stop Relay 
Simple_push button control of a 
relay. Either 1 or 2 button opera- 
tion SA Rela: 

Power: 12Vdc 60mA 


ie 1-9Cebek Module £12.83 / 
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Prices Exclude Vat @20%. 
UK Carriage £2.50 (less than 1kg) 
| SS £6.50 greater than 1kg or >£30 
Cheques / Postal orders payable to 
& visa ESR Electronic Components Ltd. 
ee PLEASE ADD CARRIAGE & VAT TO ALL ORDERS 
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READERS’ TECHNICAL ENQUIRIES 

Email: techdept@ wimborne.co.uk 

We are unable to offer any advice on the use, purchase, 
repair or modification of commercial equipment or the 
incorporation or modification of designs published 
in the magazine. We regret that we cannot provide 
data or answer queries on articles or projects that are 
more than five years’ old. Letters requiring a personal 
reply must be accompanied by a stamped self- 
addressed envelope or a self-addressed envelope and 
international reply coupons. We are not able to answer 
technical queries on the phone. 


PROJECTS AND CIRCUITS 

All reasonable precautions are taken to ensure that 
the advice and data given to readers is reliable. We 
cannot, however, guarantee it and we cannot accept 
legal responsibility for it. 

A number of projects and circuits published in 
EPE employ voltages that can be lethal. You should 
not build, test, modify or renovate any item of mains- 
powered equipment unless you fully understand the 
safety aspects involved and you use an RCD adaptor. 


COMPONENT SUPPLIES 
We do not supply electronic components or kits for 
building the projects featured, these can be supplied 
by advertisers. 

We advise readers to check that all parts are still 
available before commencing any project in a back- 
dated issue. 


ADVERTISEMENTS 

Although the proprietors and staff of EVERYDAY 
PRACTICAL ELECTRONICS take reasonable 
precautions to protect the interests of readers by 
ensuring as far as practicable that advertisements are 
bona fide, the magazine and its publishers cannot give 
any undertakings in respect of statements or claims 
made by advertisers, whether these advertisements 
are printed as part of the magazine, or in inserts. 

The Publishers regret that under no circumstances 
will the magazine accept liability for non-receipt of 
goods ordered, or for late delivery, or for faults in 
manufacture. 


TRANSMITTERS/BUGS/TELEPHONE 
EQUIPMENT 

We advise readers that certain items of radio 
transmitting and telephone equipment which may 
be advertised in our pages cannot be legally used in 
the UK. Readers should check the law before buying 
any transmitting or telephone equipment, as a fine, 
confiscation of equipment and/or imprisonment can 
result from illegal use or ownership. The laws vary from 
country to country; readers should check local laws. 
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Less is more 

A popular song by the US rock star Bruce Springsteen is called 57 Channels 
(and nothin’ on). It’s basically a complaint that choice is no choice if all you 
are offered are things you don’t want... I do know how he feels. 


This particular line of thought was sparked by Barry Fox’s excellent piece 
on the London Olympic video coverage in last month’s News pages. After 
I first read his piece, I fired off a brief email to him saying: ‘Personally, I’d 
much rather invest in higher definition than 3D, which I’ve always found 
to be annoying’. His response was: ‘I have a 3D set and never watch in 
3D.... Nor does anyone else I know...’ 


We have had 3D pushed at us in TV showrooms for several years now, and 
to be honest, I find the whole thing an irritating gimmick. It may be that 
children get a lot of amusement out of 3D cartoons, and perhaps I’m just 
being a visual dinosaur, but I would much rather spend money 

on more or simply better pixels instead of false 3D effects using 
cumbersome glasses that make my eyes tired and eventually 

give me headaches. I could watch (and enjoy) a clean, high resolution, 
flicker-free 2D screen till the cows come home, but if I try and buy a 
new TV these days almost all the so-called ‘top-of-the-range sets’ come 
with 3D. It feels as though I’m paying for technology I neither want nor 
will use. Worse still, there’s a nagging doubt at the back of my mind that 
to shoehorn in extra capability, the things I really want may have been 
compromised. 


It will be interesting to see if 3D is just a passing fad (something that has 
happened before with 3D cinema) or if it is here to stay. Personally, I can’t 
wait to see the very high definition technology the BBC and Japan’s NHK 
showcased at the Olympics — Super Hi-Vision. I just hope it won’t end 

up being compromised as SHV-3D. This may not merely be ‘a hope’, as 
Barry Fox explains in this month’s news piece. He notes that at the recent 
launch of the Future of Innovation in Television Technology Taskforce 

in London by the UK’s Digital Television Group: ‘Notably, there was no 
demonstration of 3D and no mention of 3D in any of the presentation 
speeches.’ 


Pi tomorrow... 

Ooops... we did promise you more Raspberry Pi and PIC n’ Mix delights 
this month, but unfortunately Mike Hibbett is still juggling a number of 
important commitments. However, we do hope to persuade Mike to return 


next month. 
° 


ints 
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A roundup of the latest Everyday 
News from the world of 
electronics 
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The next steps for television - report by Barry Fox 


Ee year, the JFA consumer 
electronics show in Berlin near- 
clashes with the professional IBC 
broadcast show in Amsterdam. 
Usually this does not matter much 
because the attendee lists are 
different. But this year, the conflict 
had consequences. Prototypes of 
8k/4k (7680 x 4320 pixel resolution) 
Super Hi-Vision TV, as used by the 
BBC and NHK to shoot the London 
Olympics, are still in such short 
supply that demonstrators had to 
choose between shows. IBC won 
out because 8k/4k will initially be a 
capture format with home display in 
4k/2k Quad HD (3840 x 2160). 


4k/2k for Christmas 

The first consumer Quad HD sets 
were shown at IFA, with Sony offer- 
ing an 84-inch 4k/2k TV (panel made 
by LG) in time for Christmas. At the 
asking price of €25,000 it is hardly 
a mass-market product, but it does 
clearly signpost what is coming next. 

Meanwhile, in London, the UK’s 
Digital Television Group (DTG) 
launched its ‘Future of Innovation in 
Television Technology Taskforce’ in 
London — and also predicted that the 
next big thing after HD is likely to be 
Super Hi-Vision. 

‘There’s an alignment of the planets. 
By the time we get the next World 
Cup in June 2014, we could be look- 
ing at Super Hi-Vision 4k in some way 
or other’, predicted Richard Lindsay- 
Davies, director general of the DTG. 
He was speaking in London — with a 
live video link to IBC in Amsterdam — 
at the official launch of the Taskforce, 
by the UK government’s Minister for 
Culture, Communications and Cre- 
ative Industries, Ed Vaizey. 

Said Ed Vaizey: ‘The UK has a long 
list of world firsts in television areas 
as diverse as information services like 
teletext, interactive TV like the red 


button, and on-demand services like 
BBC iPlayer. We should capitalise on 
our strengths in innovation and not 
try to be a China or South Korea’. 


DTG promotes UK content 

The DTG controls digital and con- 
nected Internet protocol television 
(IPTV) in the UK, with standards and 
testing based on Europe’s DVB and 
HbbTV technology. The new Task- 
force pledges to showcase UK lead- 
ership in television technology in- 
novation. A group of ten experts and 


Sony s €25,000 4K LCD screen contains over 
eight million individual pixels (3,840 x 2,160). 
You'll need an 84-inch sock if Santa brings 
you one for Christmas 


thought leaders drawn from the con- 
tent and technology sectors will work 
with specialist working groups to ‘de- 
fine the measures that should be im- 
plemented to leverage the UK’s track 
record of innovating in television 
technology.’ The Taskforce’s findings 
and proposed solutions will be pre- 
sented at the 2013 DTG summit. 

The launch was held at the DTG’s 
new HQ by the Thames (next door 
to the fortress which houses the UK’s 
MI5 and MI6 security services) and 
featured working demonstrations of 
all the major box solutions now avail- 
able in the UK for seamlessly blend- 
ing off-air TV with broadband IPTV 
for catchup and video on demand 
(VOD) viewing. 


Also on show was the PowerVR 
chip architecture from UK company 
Imagination Technologies, which 
has been licensed to Intel and lets a 
home PC easily handle 4k video or 
three simultaneous and different Blu- 
ray streams; and a 55-inch 4k (3840 
x 2160) display from Toshiba labelled 
Ultra High Definition TV and screen- 
ing demonstration footage. 


HD or 3D? 

Notably, there was no demonstration 
of 3D and no mention of 3D in any of 
the presentation speeches. 

Richard Lindsay-Davies urged ev- 
eryone present to look at the 4k dem- 
onstration, saying: “There are two is- 
sues with 4k/8k — network capacity 
and processing speed. Capacity will 
be dealt with by new codecs. The 
new High Efficiency Video Coding 
(HEVC) (currently being developed 
by the ISO/IEC Moving Picture Ex- 
perts Group (MPEG) and ITU-T Video 
Coding Experts Group (VCEG)) to 
double H.264 compression ratios for 
resolutions up to 7680 x 4320) should 
be ready by 2014. 

‘The cost of high processing speed 
is falling, as shown by Imagination’s 
PowerVR. And historically big sport- 
ing events are milestones for techni- 
cal change. Everything is heading 
our way for 4k to reach the market by 
2013/14, although probably first for 
large screens in clubs and pubs.’ 

Although tactful and circumspect, 
Lindsay-Davies clearly has more 
confidence in 4k and 8k than 3D. 
‘T always feel increased resolution 
brings its own feeling of depth’ he 
says. ‘Also, with 4k or 8k resolu- 
tion, a frame rate of 60Hz may not be 
enough. It can make the pictures look 
more like film. So I suspect we may 
need to adopt a higher rate. But that 
is the kind of thing the Taskforce will 
be looking at.’ 


Everyday Practical Electronics, November 2012 


Silicon quantum technology 


t the launch of the British 

Science Festival 2012, scientists 
from Bristol University’s Centre for 
Quantum Photonics announced the 
development ofa silicon chip that will 
pave the way to mass-manufacture of 
miniature quantum chips. 

The leap from glass-based circuits 
to silicon-based circuits is significant 
because fabricating quantum circuits 
in silicon has the major 
advantage of being com- 
patible with modern 
microelectronics. Ulti- 
mately, this technology 
could be integrated with 
conventional micro- 
electronic circuits, and 
could one day allow the 
development of hybrid 
conventional/quantum 
microprocessors. 

In the short term, the 
team expect to apply 
their new results imme- 
diately for developing 
quantum-secure com- 
munications chips that 
could find their way 
into mobile phones and 
laptop computers — in- 
creasing the security 
of online banking and 
internet shopping. The 
very nature of quan- 
tum mechanics means 
phones using these 
quantum chips would 
have completely secure 
encryption — the phones 
would be ‘unhackable’. 


Quantum leap 
The Bristol-led team 


Top: the Bristol quantum silicon chip 


‘Using silicon to manipulate light, 
we have made circuits over 1000 times 
smaller and more complex than cur- 
rent glass-based technologies. For the 
first time, we can mass-produce this 
kind of chip, and the much smaller 
size means it can be incorporated into 
technology and devices that would 
not previously have been compatible 
with glass chips’ says Mark Thomp- 
son, deputy director of 
the Centre for Quan- 
tum Photonics. “This is 
very much the start of a 
new field of quantum- 
engineering, where 
state-of-the-art micro- 
chip manufacturing 
techniques are used 
to develop new quan- 
tum technologies and 
will eventually realise 
quantum computers 
that will help us under- 
stand the most complex 
scientific problems.’ 


Quantum 

computer 

The researchers also 
believe that their de- 
vice represents a new 
route to a quantum 
computer — a power- 
ful type of computer 
that uses quantum bits 
(qubits), rather than the 
conventional bits used 
in today’s computers. 
This work, carried out 
in collaboration with 
Heriot-Watt University 
in Scotland and Delft 
University in the Neth- 


has taken the novel leap Bejow: the same chip next to a 20 €tlands, is an essential 


forward of developing pence coin for scale 


quantum chips from 

silicon — the material routinely used 
en masse to manufacture conventional 
ICs in computers and smart phones. 
However, unlike conventional silicon 
chips that work by controlling electri- 
cal current, these circuits manipulate 
single particles of light (photons) to 
perform calculations. 

These circuits exploit strange quan- 
tum mechanical effects, such as su- 
perposition (the ability for a particle 
to be in two places at once) and entan- 
glement (strong correlations between 
particles that would be nonsensical in 
our everyday world). The new tech- 
nology uses the same techniques as 
conventional microelectronics, and 
so can be economically scaled for 
mass-manufacture. 


step towards the min- 
iaturisations of optical 
quantum computers. 

Unlike conventional digital bits or 
transistors, which can be in one of 
only two states at any one time (1 or 
0), qubits can be in several states at 
the same time — they can hold and 
process a much larger amount of in- 
formation at a greater rate. 

‘Tt had previously been thought that 
a large-scale quantum computer will 
not become a reality for at least an- 
other 25 years,’ says Jeremy O’Brien, 
director of the Centre for Quantum 
Photonics. ‘However, we _ believe 
that, using our new technology, such 
a device, in less than 10 years, will 
be performing important calculations 
that are outside the capabilities of 
conventional computers.’ 


Everyday Practical Electronics, November 2012 


Intel’s UK investment 


S IC giant Intel has announced the 

launch of the Intel Collaborative 
Research Institute for Sustainable 
Connected Cities in partnership with 
two of the world’s leading universities, 
Imperial College London and 
University College London. 

The new London-based institute will 
be Intel’s first research centre and 
global hub dedicated to exploring how 
technology can support and sustain 
the social and economic development 
of cities worldwide. It will also 
collaborate with the emerging Tech 
City cluster in East London, using 
the social media expertise of Tech 
City-based start-ups to identify and 
analyse emerging trends within cities. 


Internet address limit 
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i was bound to happen — and 
sooner rather than later — Europe is 
running out of old-style IPv4 Internet 
adresses. The system used, called 
IPv4, was created in the 1970s when 
it was assumed that the 4.3 billion 
permutations would easily be enough. 
However, this assumption failed to 
take account of the vast number of 
computers and other devices that now 
connect to the Internet, each of which 

needs its own unique address. 

Plans are now being readied to move 
to the next system, called IPv6, which 
effectively has an infinite number of 
addresses. 


Raspberry Pi - made in UK 


ood news for patriotic British 
Raspberry Pi users. The credit 
card-sized_ single-board computer, 
which was developed in Cambridge 
is now going to be made in the UK. 
Pi distributor Premier Farnell has 
struck a deal with the Sony UK Tech- 
nology Center (Pencoed, Wales}, to 
make a run of 300,000 devices. 
Premier Farnell has been selling 
the Raspberry Pi since February 
2012, but so far all the boards have 
been made in China. 
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HEN installing a hearing aid 

loop, it is important to set the 
magnetic field strength to the correct 
level. This ensures that a hearing aid 
with a Telecoil (or T-coil) will deliver 
the best signal-to-noise ratio without 
signal overload. 

The same applies if you are using a 
hearing loop receiver, such as the one 
described in the September 2012 issue 
of EPE (or a commercial equivalent). 

Additionally, when setting up a 
hearing aid loop, it is important to 
verify that any background magnetic 
noise is at an acceptable level. Both 
background noise and signal strength 
from the hearing aid loop can be meas- 
ured with this Hearing Loop Tester. 


Specitications) 


Power supply: 9V at 18mA to 26mA 
Display: —21dB to +6dB in 3dB steps 


Meter response: ‘S’ (slow) response 
of 1s 


Weighting: A-weighting or wide (see 
Fig.4) 
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HEARING LOOP 


Setting the correct signal level and 
minimising noise are critical factors 
when setting up a hearing loop. This 
easy-to-build tester can display field 
strength levels over a 27dB range. 
Here’s how it works, how to build it and 


how to use it. 


Of course, if you are setting up a 
small hearing loop in your home, you 
can usually get away without using a 
level meter. In that case, it’s usually 
just a matter of setting the level to 
give good results from the hearing aid 
without any overload occurring. 

However, for a system that will be 
used by more than one person or the 
general public, it is important for the 
level to be correct. That way, the loop 
will be suitable for all who use it. 


Main features 
As shown in the photos, the Hearing 
Loop Level Meter is housed in a small 
hand-held plastic case that includes a 
battery compartment. A power switch 
and an indicator LED are located on the 
top panel, while the front panel carries 
10 LEDs arranged in a vertical ‘bar- 
graph’ column on the left-hand side. 
In operation, this bargraph displays 
signal levels ranging from —21dB to 
+6dB, with each LED representing a 
3dB step. However, to conserve bat- 
tery life, the display is normally set 
to dot mode, which means that only 
one display LED is lit at any time. The 
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current consumption is 18mA when no 
bargraph LEDs are lit and 26mA when 
one LED is lit. This is quite satisfactory 
for an instrument that is normally only 
used for short durations. 
Alternatively, you can install a link 
under the PC board to convert to a 
conventional bargraph display. This 
is not recommended though, due to 
the increased current drain. 
Animportant feature is that the unit 
can be accurately calibrated to indicate 
OdB at a field strength of 100mA/m. 
This specification is based on the 
Australian Standard AS60118.4-2007 
— ‘Hearing Aids: Magnetic Field 
Strength In Audio-Frequency Induc- 
tion Loops For Hearing Aid Purposes’. 
Once calibrated, the meter can then 
be used to set the field strength level 
in a hearing loop to the correct level. 
It can also be used to measure the 
environmental background noise, to 
determine whether this is low enough 
for a hearing loop to be successful. 
In operation, the unit is simply held 
at right-angles to the plane of the hear- 
ing loop for both signal level and noise 
measurements (see Fig.1 and Fig.2.). 
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Circuit details 

Referring now to the complete circuit 
diagram for the Hearing Loop Level 
Meter, shown in Fig.3. It will be seen 
that itis based on four low-cost ICs, an 
inductor (L1), 11 LEDs and a handful 
of minor parts. 

Inductor L1 is used to detect the 
magnetic field from the hearing loop. 
This inductor is actually a xenon flash- 
tube trigger transformer (Jaycar MM- 
2520) which has a high inductance, 
suitable for loop monitoring. 

In this circuit, we use only the 
secondary winding of L1, which is 
wound as an autotransformer. This 
winding has an inductance of about 
8.2mH and is biased at about 4.15V 
using two 10kQ resistors connected in 
series across the 8.3V supply. A 100uF 
capacitor bypasses the divider output. 

The 4.15V half-supply rail is also 
used to bias pin 5 of op amp stage 
IC1b (via L1). This allows IC1b’s pin 
7 output to swing symmetrically about 
this half-supply rail. 

Coil L1’s resistance is 27Q and, in 
conjunction with the 100uF bypass 
capacitor, it presents a low source 
impedance to IC1b’s pin 5 input at 
low frequencies. This minimises any 
low-frequency noise. The inductor’s 
impedance increases with increasing 
frequency, but this is restricted by a 
parallel 2.2kQ resistor. 

This 2.2kQ resistor lowers the Q of 
the inductor, thereby preventing oscil- 
lation. A 220pF capacitor at the output 
of L1 also shunts any high-frequency 
signals to ground. 


Signal level 
Op amp IC1b is configured as a non- 
inverting amplifier stage with a nomi- 
nal gain of 1001, as set by the 100kQ 
and 100Q feedback resistors. However, 
one aspect of using an inductor to 
receive the hearing loop signal is that 
the signal induced in L1 rises in level 
with frequency. This is because the 
induced voltage is proportional to the 
rate of change of the magnetic field. 
As a result, IC1b’s gain is reduced 
with frequency in order to achieve a 
flat overall frequency response. This 
is achieved by using a 33nF feedback 
capacitor and a 100kQ feedback resis- 
tor to roll off signal frequencies above 
about 50Hz by 20dB per decade. This 
counteracts the 20dB per decade in- 
crease from the inductor. 
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Fig.1: the basic 
arrangement for 

a hearing loop. 
The loop creates a 
varying magnetic 
field in response to 
the driving signal 
and this is picked 
up by suitably- 
equipped hearing 
aids and receivers. 


SIGNAL 
SOURCE 


HEARING AID 


LOOP RECEIVER 


WITH T-COIL & HEADPHONES 


AMPLIFIER 


\— -auplo INDUCTION LOOP 


OUTPUT 
VOLTAGE 


MAGNETIC 
FIELD 


Fig.2: this diagram illustrates the magnetic field generated by the hearing 
loop and shows how it couples into a hearing-aid T-coil. 


In addition, IC1b’s low-frequency 
gain is rolled off below 723Hz using 
a 100Q resistor and 2.2uF capacitor 
connected in series between pin 6 
(the inverting input) and ground (0V). 
If link LK1 is installed, an extra 22uF 
capacitor is placed across the 2.2uF 
capacitor and this lowers the low-fre- 
quency roll-off point to around 66Hz. 

Op amp I[C1a provides a further 
stage of gain. If trimpot VR1 is set 
to its minimum, [C1a’s gain is 1+ 
(100kQ/150Q) or about 667. However, 
if VR1 is set to its maximum value of 
5kQ, the gain is reduced to about 20. 
This range of gain adjustment allows 
the meter to be calibrated. 

IC1a’s high-frequency roll-off starts 
at about 10.6kHz, due to the 100kQ 
resistor and 150pF capacitor in the 
feedback path. In addition, both IC1b 
and IC1a have inherent reduced gain 
at high frequencies. IC1a’s low fre- 
quency roll-off depends on the setting 
of trimpot VR1 and occurs somewhere 
between 10.6Hz and 0.32Hz. 


A-weighting 

The high and low roll-off frequencies 
set for IC1b, with LK1 out of circuit, 
produce a nominal A-weighted over- 
all frequency response for the level 


Everyday Practical Electronics, November 2012 


metering. A-weighting is a tailored 
response that’s designed to match the 
way our ears perceive loudness with 
respect to frequency at a particular 
low-level sound pressure. The weight- 
ing rolls off the signal below and above 
1kHz, as shown in the graph of Fig.4. 

Inserting link LK1 extends the fre- 
quency response of the unit down to 
at least 200Hz, before rolling it off at 
the lower frequencies. As explained 
later, this wider response is better for 
checking background noise levels than 
the A-weighted curve. As a result, we 
recommend that LK1 be installed for 
all measurements (including loop 
level measurements), to provide a 
nominal frequency response of 200Hz 
to 10kHz (-3dB points). 

In fact, the relatively flat response 
of the meter between 200Hz and 5kHz 
with LK1 in is ideal for checking hear- 
ing loop response levels. If necessary, 
treble boost can be applied to the loop 
amplifier to counter the effect of droop- 
ing high-frequency response due to the 
loop inductance. 


Precision rectifier 

IC1a’s output (pin 1) is fed viaa 100nF 
capacitor to a full-wave precision 
rectifier stage based on IC2b, IC2a and 
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1 PC board, code 874, available 
from the EPE PCB Service, 
size 65mm x 86mm 

1 remote control case, 135mm 
x 70mm x 24mm (Jaycar 
HB5610 or equivalent) 

1 miniature PC mount SPDT 
toggle switch (S1) 

3 8-pin IC sockets (optional) 

1 18-pin IC socket (optional) 

1 xenon flash tube trigger 
transformer (Jaycar MM2520 
or equivalent) (L1) 

1 2-way pin header (2.54mm 
spacing) 

1 jumper shunt for pin header 

4 M3 x 5mm screws 

1 9V (216) alkaline battery 

1 9V battery clip 

1 40mm length of 0.7mm tinned 
copper wire 

2 PC stakes 

1 panel label, 55mm x 14mm 

1 panel label, 118mm x 46mm 


Semiconductors 

2 TLO72 dual op amps (IC1,IC2) 

1 LM3915 log bargraph driver (IC3) 
1 7555 CMOS timer (I1C4) 

1 1N5819 1A Schottky diode (D1) 
4 1N4148 diodes (D2-D5) 

1 3mm red LED (LED1) 

2 3mm orange LEDs (LED2,LED3) 

8 3mm green LEDs (LED4-LED11) 


Capacitors 
1 470uF 16V radial electrolytic 


diodes D4 and D5. The capacitor rolls 
off the response below about 106Hz. 
This stage works as follows. 

When the signal from the 100nF 
capacitor swings positive, pin 7 of IC2b 
goes low and forward biases diode 
D4. As a result, IC2b operates as an 
inverting amplifier stage with a gain of 
—1, as set by the 15kQ input and 15kQ 
feedback resistors on its pin 6. 

This inverted signal at D4’s anode is 
applied to IC2a’s inverting input (pin 
2) viaa 150kQ resistor. This stage oper- 
ates with a gain of -6.66, as set by the 
ratio of the 1MQ feedback resistor and 
the 150kQ input resistor. As a result, 
the total gain for the signal path from 
pin 1 of IC1a to pin 1 of IC2a via IC2b 
is (-1) x (6.66) = +6.66. 
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4 100uF 16V radial electrolytic 
1 22uF 16V radial electrolytic 
3 10uF 16V radial electrolytic 
1 2.2uF 16V radial electrolytic 
1 1uF 16V radial electrolytic 

1 100nF MKT polyester 

1 33nF MKT polyester 

1 1nF MKT polyester 

1 220pF ceramic 

1 150pF ceramic 

1 10pF ceramic 


Resistors (0.25W, 1%) 

1 1MQ 4 10kQ 

1 300kQ 3 2.2kO 

1 150kQ 2 1500 
2 100kQ2 1 100Q 
2 15kQ 1 10Q 

1 5kQ horizontal trimpot 
(code 502) (VR1) 


Helmholtz coil (next month) 

2 836mm lengths of 2.4mm 
diameter steel fencing wire (or 
similar stiff wire) 

1 piece of timber, approximately 
65mm x 19mm x 200mm 

1 33Q 0.25W resistor 

1 wire clamp made from two 
solder lugs or metal scrap 

4 small rubber feet (optional) 

1 400mm length of medium-duty 
hook-up wire 

1 1m length of shielded cable 

1 3.5mm stereo jack line plug 

4 solder lugs 

3 small wood screws 


In addition, the positive-going signal 
from IC1a is applied to IC2a via a sec- 
ond signal path, ie, viaa 300kQ resistor. 
For this path, IC2a operates with a gain 
of —3.33 and so the overall signal gain 
from the output of IC1a to the output 
of IC2a is +6.66 — 3.33 = +3.33. 

Now consider what happens for 
negative-going signals from [C1a. In 
this case, diode D5 is forward biased 
and so IC2b’s output is clamped at 
about 0.6V above its pin 6 input. As 
a result, no signal flows via D4 and 
IC2b ceases operating as an inverting 
amplifier. 

This means that negative-going sig- 
nals from IC1a are fed to IC2a via the 
300kQ resistor only (ie, via only one 
signal path). Because IC2a operates with 


a gain of —3.33 for this path, the signal 
is inverted. Therefore, the precision 
rectifier provides a positive output for 
both positive-going and negative-going 
signals from IC1a, and both have a gain 
of 3.33. 

IC2a also provides low-pass filtering 
of the signal so that its response is slow 
to incoming signal level changes. The 
time constant is around one second 
(1s) as set by the 1MQ feedback resis- 
tor and its parallel 1uF capacitor. This 
matches the slow (S) response require- 
ment for measuring background noise 
for a hearing loop system. 


Bargraph circuit 

IC2a’s output is fed to input pin 5 
of IC3, an LM3915 10-LED bargraph 
driver with a logarithmic response. 
The bargraph displays a 27dB range 
with each LED covering 3dB. We have 
labelled the display so that is covers 
field strength levels from +6dB down 
to —21dB 

As explained previously, the unit 
is calibrated to read OdB at a field 
strength of 100mA/m. 

The voltage range for the meter dis- 
play is from 1.25V at full scale (+6dB) 
down to about 56mV for the —21dB 
LED. This range is set by connecting 
the Ry input (pin 6) to the 1.25V refer- 
ence (pin 7) and the Ryo input (pin 4) 
to ground (OV). The 2.2kQ resistor be- 
tween REF (pin 7) and ground sets the 
bargraph LED current to about 6mA. 
Link LK2 sets the bargraph mode. 


Power supply 

Power for the circuit is derived from 
a 9V battery, with diode D1 providing 
reverse polarity protection. S1 func- 
tions as a power switch, while LED11 
is used as a power-on indicator. The 
2.2kQ resistor in series with LED11 
limits the current through it to about 
3.5mA. 

The resulting 8.7V rail is filtered 
using a 10uF capacitor and directly 
supplies IC2, IC3 and IC4. IC1’s sup- 
ply is also derived from this rail, but is 
decoupled using a 150Q resistor and a 
470uF filter capacitor. This is done so 
that supply variations, due to changes 
in the LED bargraph display, are not 
introduced into IC1, which contains 
two sensitive amplifier stages. 

A negative supply for IC2 is gener- 
ated using a 7555 timer, IC4, diodes 
D2 and D3 and two 100uF capacitors. 
IC4 is wired as an astable oscillator 
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FREQUENCY (Hz) 


Fig.4: this graph shows the frequency response of the 
Loop Tester with LK1 installed (wide) and with LK1 


removed (A-weighting). 


and operates at about 72kHz due to the 
timing components on pin 6 and pin 
2, ie, a InF capacitor to ground and a 
10kQ resistor which is connected back 
to pin 3. 

It operates as follows: when power 
is first applied, IC4 pin 3 goes high and 
the 1nF capacitor charges via the 10kQ 
resistor. When it reaches 2/3rds the 
supply voltage, the pin 3 output goes 
low and the capacitor discharges until 
it reaches 1/3rd the supply voltage. 
Pin 3 then switches high again and so 
the process repeats indefinitely while 
power is applied. 

As well as charging/discharging the 
timing capacitor, pin 3 also drives the 
negative supply circuit. When pin 3 goes 
high, it charges its associated 100uF ca- 
pacitor to the positive supply rail (+8.7V) 
via diode D2. Then, when pin 3 of IC4 
subsequently switches low, the positive 
side of the 100uF capacitor is pulled to 
OV. As a result, its negative side goes to 
—8.7V (or thereabouts) in order to main- 
tain the charge across the capacitor. 

This negative voltage now charges 
the second 100uF capacitor via 
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diode D3 to provide the 
negative rail for IC2. 
The actual rail voltage 
obtained depends on 
the load and the voltage 
drops across the two 
diodes, but in practice, 
will be close to —7V. 


Construction 

All parts except for the 
battery are mounted on 
a single-sided PC board 
coded 874 (65mm x 
86mm). This board is 
available from the EPE 
PCB Service. All parts 
are housed in a remote 
control case measuring 
135mm x 70mm x 24mm. Two labels 
are attached to the front and top pan- 
els to give a professional finish — see 
photos. 

The PC board is designed to mount 
on to the integral bushes inside the 
box. Check that the top edge of the 
PC board has the corner cutouts so 
that it fits correctly. If necessary, you 
can make the cutouts yourself using 
a small hacksaw and then carefully 
filing them to shape. 

The component layout on the PC 
board is shown in Fig.5. Begin con- 
struction by carefully checking the 
board for any breaks in the copper 
tracks and for shorts between tracks 
and pads. The four mounting holes 
and the two holes that are used to 
anchor the battery clip leads should 
all be 3mm in diameter. 

The assembly is best started by 
installing the two wire links and the 
resistors. Table 1 shows the resistor 
colour codes, but it’s also a good idea 
to check each one using a digital mul- 
timeter (DMM). 


100k 


4-Band Code (1%) 

brown black green brown 
orange black yellow brown 
brown green yellow brown 
brown black yellow brown 
brown green orange brown 
brown black orange brown 
red red red brown 

brown green brown brown 
brown black brown brown 
brown black black brown 


Follow with the diodes, taking care 
to orient them as shown. Note that D4 
and D5 face in opposite directions. 
That done, install two PC stakes to 
terminate the battery clip leads. 

Next, install IC sockets for IC1 to 
IC4 with their notched ends facing in 
the directions shown in Fig.5 (note: 
IC3 faces the opposite way to the oth- 
ers). The ICs can then be fitted, taking 
care to ensure that IC4 is the 7555. 
Alternatively, you can solder the ICs 
straight in. 

The 2-way header for LK1 can now 
go in, followed by the capacitors. 
Be sure to install the electrolytics 
the right way around and keep their 
heights above the PC board to less 
than 12.5mm, otherwise the lid of the 
case will not fit correctly. If necessary, 
sit the electrolytics up off the board 
slightly and then bend their bodies 
over after soldering. 

Trimpot VR1, switch S1 and in- 
ductor L1 are next. Note that a third 
(thin) wire attached to L1 is soldered 
to a spare pad on the PC board. 


Installing the LEDs 
LED1 to LED10 must be installed so 
that the top of each LED is exactly 
15mm above the PC board. This can 
be done by cutting a 10mm-wide card- 
board spacer which is slid between the 
leads during soldering. Take care with 
the orientation (the anode (A) is the 
longer of the two leads) and be sure to 
push each LED down on to the spacer 
before soldering it in place. Note also 
that LED1 is red, LED2 and LED3 are 
orange and LED4 to LED10 are green. 
The power LED (LED11) is installed 
so that it sits horizontally with the 
centre of its lens 6mm above the board. 
To do this, cut a 6mm-wide cardboard 
spacer, then bend the LED’s leads 


Tab lemiEgResistOrmGolourscodes, 


5-Band Code (1%) 

brown black black yellow brown 
orange black black orange brown 
brown green black orange brown 
brown black black orange brown 
brown green black red brown 
brown black black red brown 

red red black brown brown 
brown green black black brown 
brown black black black brown 
brown black black gold brown 
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down through 90° 12mm from its base, 
making sure that the anode lead is to 
the left. The leads can then be inserted 
into the PC board and pushed down 
on to the 6mm spacer before soldering. 
Now for the battery clip. This is 
installed by first passing its leads 
through the battery compartment and 
then looping them through the holes in 
the PC board as shown. This anchors 
the leads, which can now be soldered 
to the PC stakes (watch the polarity). 
The PC board can now be secured 
to the base of the case using four M3 x 
5mm screws into the integral mounting 
bushes. That done, attach the label to the 
top panel and drill the clearance holes 
for the power switch and indicator LED. 
If the label is not supplied as part of 
a kit, you can download the artwork in 
PDF format from the EPE website (www. 
epemag.com) in the Library section. 
You will also need to drill ten 3mm 
diameter holes for the bargraph LEDs 
in the lid. These holes must line up 
along the inside border of the inset 
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Fig.5: install the 
parts on the PC 
board as shown 
on this diagram 
and the photo 
at right. The 
bargraph LEDs 
must be installed 
using a 10mm 
cardboard spacer 
— see text. 


section on the top lid. Note that the 
label does not extend fully to the left 
side of this inset, so it does not need 
to be drilled. 

If you are building this project from a 
kit, then the labels will probably be sup- 
plied. If not, the downloaded PDF files 
can be printed out on to photo paper, 
with a peel-away adhesive backing or 
on to clear plastic film. If using clear 
plastic film (eg, overhead projector film), 
you can print the label as a mirror image 
so that the ink is at the back of the film 
when it is placed on to the panel. 

Wait until the ink is dry before cut- 
ting the label to size. The film can then 
be affixed in place using an even smear 
of neutral-cure silicone sealant. If you 
are affixing the label to a black coloured 
panel (eg, if using the specified case), 
use grey or white-coloured silicone so 
that the lettering will stand out. 

The holes for the power switch and 
indicator LED in the top label can be 
cut out using a sharp hobby knife after 
the silicone has cured. 
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Testing 

Before applying power, go back over 
your work and check for wiring er- 
rors. That done, connect a 9V battery, 
switch on and check that the power 
LED lights. If not, then either D1, 
LED11 or the battery is the wrong way 
around (or a combination of these). 

Assuming the LED does light, check 
that pin 8 of IC1 is at about 8.3V (as- 
suming that the battery itself measures 
9V). Similarly, check that pin 8 of IC2 
is at about 8.7V and that pin 4 is at 
about —7V. Pin 3 of IC3 should be at 
8.7V, as should pin 8 of IC4. 

If these supply voltages check out, 
touch the bottom lead of inductor L1. 
This should cause some of the LEDs in 
the bargraph to light due to the noise 
introduced into op amp IC1b. Note: it 
can take several seconds for the unit 
to display a bargraph reading imme- 
diately after switch-on. 

That’s all for this month. Next month, 
we'll give the calibration procedure and 
describe how the unit is used. 
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Happier motoring 


Mark Nelson 


Lower petrol prices would put a smile on most motorists’ faces, but a good substitute would 
be harnessing the power of electronics to avoid traffic snarl-ups and avert accidents. 
Mark reviews what’s going on in this direction. 


OQ DOUBT you are aware of 
LN Google Traffic Information, 

which displays current (live) 
and average traffic flows on Google 
maps, but have you ever wondered how 
this data is gathered? 

If you have not yet discovered this 
gem, look in the top-right corner of the 
map for a rectangular button labelled 
TRAFFIC and tick this option. You will 
now see coloured overlays on major 
roads in the area showing the speed of 
traffic. Clicking on the word CHANGE 
at lower left allows you to see the 
usual traffic flows at various times and 
days, which will help you re-plan your 
journey to avoid congestion. 


But how do they know? 

Google buys traffic flow data from the 
UK Highways Agency, which back 
in 2008 was the first organisation in 
Europe to work with Google in this 
way. The information is captured from 
traffic flow monitoring equipment, 
automatic number plate recognition 
(ANPR) cameras, and intelligence from 
the police, local authorities and other 
organisations. 

Traffic flow monitoring equipment 
includes solar-powered roadside traffic 
monitoring stations and MIDAS, which 
is the motorway incident detection 
automatic signalling system. There are 
1,500 solar-powered traffic monitoring 
stations across England, which measure 
the average speed and flow of the traffic 
and send this data back to the NTOC at 
five-minute intervals. 


Ways and means 

The most commonly used means 
of capturing traffic flow data in the 
field involves inductive loops. An 
insulated, electrically conducting loop 
of wires is embedded in the roadway in 
grooves just below the surface. Such an 
installation is very easy to spot at traffic 
lights and other locations. 

As Wikipedia helpfully explains, an 
electronics unit transmits energy into 
the wire loops at frequencies between 
10kHz to 200kHz. The inductive-loop 
system behaves as a tuned circuit in 
which the loop wire and lead-in cable 
are the inductive elements. 

When a vehicle passes over the 
loop or is stopped within the loop, the 
vehicle induces eddy currents in the 
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wire loops, decreasing their inductance. 
This is detected by a relay or a solid- 
state optically isolated output, sending 
a pulse to the control box to indicate the 
passage or presence of a vehicle. 

Although inductive loops are 
simple and generally reliable, the 
loops themselves can cause the road 
surface to crack and break up, while 
the ‘tail’ connections from the loop to 
the control box can suffer damage by 
careless construction or telecomms 
maintenance. In fact, if you use Google 
Maps to monitor traffic flows, you 
can see that the roads are divided 
into many small segments. Some of 
these segments have no speed colour 
coding, which may well indicate that 
the sensors within those sectors are 
defective. 


Magnetometers make it work 

In the latest installations, magneto- 
meters are the preferred technology. The 
manufacturer Clearview Traffic explains 
how three magnetic detection sensors 
are used to measure the X, Y and Z axis 
of the earth’s natural magnetic field. 
When no vehicles are present, the sensor 
will calibrate itself by measuring the 
values of the background magnetic field 
and thereby establish a reference value. 
The passage and presence of vehicles 
are detected by measuring deviations 
from that reference value. 

Each sensor automatically — self- 
calibrates to the specific installation site 
and to any long term variations of the 
local magnetic field by allowing this 
reference value to change over time. 
This ensures that operation accuracy 
is maintained, despite external factors 
such as movement of the sensor due to 
road surface wear and tear. 

The magnetometer devices are 
buried in the roadway and measure 
just 74mm x 74mm x 49mm tall. 
Communication between these and 
the control box is by radio, employing 
extremely low-powered two-way radio 
communications developed at Berkeley 
University in San Francisco, providing 
the battery with an operational life in 
excess of ten years. 

The roadside control box has 
wired or wireless IP connectivity 
(typically optical fibre or cellular 
radio) to send the data collected to the 
National Traffic Information Service. 


It is equipped with a solar panel for 
charging the batteries that power the 
electronics. 


Active cat’s eyes 

While researching these technologies I 
discovered another ingenious develop- 
ment, ‘active cat’s eyes’. Whereas the 
glass reflectors of the old cat’s eyes 
(reflective studs) patented by Percy 
Shaw in 1934 were purely passive, 
today’s replacement is battery-powered 
and uses ultra-bright LEDs. They are ten 
times brighter and more effective than 
their glass counterparts and offer two 
additional colours (amber and blue) to 
the white, red and green available in 
glass. 

Active cat’s eyes offer many other 
advantages too. Glass reflectors are 
less effective with dipped headlights, 
especially in wet conditions. Drivers 
tend to engage main beam, dazzling 
oncoming drivers and rendering the 
road ahead ‘pitch dark’. On the other 
hand, self-illuminated cat’s eyes raise 
the visibility of hazardous road layouts, 
junctions and curves beyond the beams 


of vehicle headlights. 
These devices are interesting 
technically as well. The 105mm 


diameter modules are self-activating 
and  self-illuminating, incorporating 
solar-powered integral rechargeable 
batteries that provide up to 240 working 
hours with no solar input. Their 
toughened glass casing makes them 
capable of withstanding loads of 20 
tonnes and are protected against snow 
ploughs. Although their working life is 
not stated, their cost is stated to be £4 
a year. 

The ultra-bright LEDs used 
are visible over a kilometre and 
provide high brightness by being 
driven at high currents. Normally, 
this operation would flatten their 
batteries very rapidly, so the current 
is delivered as a very short pulse 
followed by a longer rest period for 
the LEDs to cool down. 

The repetition rate is around 250Hz, 
which the eye integrates so that the 
light point appears to be continuous. 
Although frequencies above 60Hz or 
so are considered flicker-free, a few 
drivers unfortunately find the flashing 
light of these cat’s eyes annoying and 
extremely distracting. 
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Does Your Design Require Low Power Analog? 
Microchip has the answer ... 


crocs? 
SOP 4100 


Microchip offers a broad portfolio of low power analog products 
that support a wide variety of applications. With over 700 unique 
stand-alone analog products covering thermal management, power 
management, battery management, mixed-signal, linear, interface 


and safety and security. www.microchip.com/analog 
Operational Amplifiers Low Dropout Regulators 
MCP6441/2/4 MCP1700 

450 nA quiescent current per 1.6 WA quiescent current 

channel 


300 mV dropout voltage 


Operating voltage down to 1.4V 
Small SOT -23 and SC-70 


Ceramic capacitor stable 


; Ape MCP1640 Synchronous 
pores See papules Boost Converter Reference Design 
Switching Regulators (MCP1640RD-4ABC) 


145 vA quiescent current 
MCP1640 Sync Boost Regulator 


Up to 18 bit resolution 
0.65V start-up voltage 


Operating voltage down to 2.7V 
19 vA quiescent current 


True load disconnect 
Up to 350 mA out 


\ MICROCHIP 


Microcontrollers ¢ Digital Signal Controllers e Analog e Memory ¢ Wireless 


The Microchip name and logo, the Microchip logo, dsPIC, MPLAB and PIC are registered trademarks of Microchip Technology Incorporated in the U.S.A. and other countries. All other trademarks are the property of their registered owners. 
©2012 Microchip Technology Inc. All rights reserved. ME1033Eng/05.12 
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Putting it together. .' 
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~ part 2 - by 
Nicholas Vinen 
and Jim Rowe 


Ecorse who has seen this has been pretty impressed... and no wonder! 
While we originally intended it to make your Christmas lights display 
the best in your suburb, with up to 32 channels and total power limited 
only by your power outlets, it’s actually capable of controlling just about 
any lighting sequencing task you want to throw at it. 


this new 

Digital Lighting Sequencer 

last month and already it’s 

created quite a stir. So how many bud- 

ding Chevy Chase wannabes are there 
out there, anyway? 

This month, we’ll go through the 
relatively simple construction of both 
master and slave units, testing them 
and then how to use them. We'll start 


with the smaller of the two ‘boxes’, the 
Master Unit, which has all the ‘smarts’. 


Master board construction 

Before assembly, check the copper side 
of the PC board for defects and that 
the holes are drilled correctly. Test the 
connectors for fit. If your board is not 
provided with the corners cut out to suit 
the case, you will need to file it to shape. 


Below is the master unit with a 128MB SD card in its reader. This is 
connected via a suitable length of Cat5 cable... 


liqhte Il V4 indd 12 


First, install the SD/MMC card 
socket, which goes on the copper side. 
Remove the dummy plastic ‘memory’ 
card, then place the socket over the 
pads. Check that they all line up, then 
apply some solder to the two larger 
mounting pads. Ensure it is aligned 
and that it is sitting flat on the board 
— if required, re-melt the solder joints 
and adjust its position. 

Once it is in place, apply solder to 
the 13 remaining pads, ensuring that 
the solder flows properly on to both the 
pins and the pads. In the case of the 
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Altronics socket, one of the mounting 
pads has two pins (one is ground) so 
make sure that the solder covers both. 

After that, install the wire links 
using either tinned copper wire or 0Q 
resistors. Follow with the resistors as 
shown on the overlay, Fig.4, checking 
each value with a multimeter before 
installation. Then fit the four diodes, 
taking care with their polarity. 

Next, install the 28-pin socket 
for IC1, with the notch oriented as 
shown on the overlay. Solder two 
diagonally opposite pins and then 
check that the socket is sitting flat 
on the PC board before soldering 
the rest. Then straighten the pins of 
the TLO72 IC and solder it in place, 
oriented as shown. 

Using small pliers, bend the legs of 
the LM3940 regulator down at right 
angles 6mm from the tab. Attach it to 
the board using a 6mm M3 machine 
screw, shakeproof washer and nut. 
Once it is firmly mounted, solder the 
leads and then trim them. 

After that, mount the 3.5mm stereo 
socket. Ensure its pins are straight 
before inserting it and check that it 
sits flat before soldering them. 

Fit the MKT and ceramic capacitors 
next. Polarity does not matter, but the 
values do, so check the overlay dia- 
gram as you go. Follow with the single 
tantalum capacitor. The positive lead 
is normally marked with an inked ‘+’ 
on the plastic body, which lines up 
with the ‘+’ on the overlay. 


... to the slave unit, 


which contains the drive circuitry for the 


Constructional 


Now install all the electrolytic ca- 
pacitors except the largest (2200uF). 
The 4.7uF non-polarised capacitor can 
go in either way, but the rest must have 
their longer leads (+) through the hole 
marked ‘+’ on the overlay. 

Install the 7806 regulator next, using 
the same procedure as for the LM3940, 
but before you insert the M3 machine 
screw, slip the small heatsink between 
the regulator and the PC board. Ther- 
mal grease is not required. Make sure 
it stays straight as you tighten the 
bolt, otherwise it may touch the large 
capacitor, which will be adjacent to it. 

Unless the 2200uF capacitor lies flat 
it is too tall to fit in the box. Bend its 
leads down about 2.5mm from its base, 
keeping in mind its final orientation 
(as shown by the ‘+’ symbol on the 
overlay). Push it flat against the board, 
solder it in, then run a thin bead of 
neutral-cure silicone sealant or hot- 
melt glue along the side closest to the 
board edge to hold it in place. 

Now fit the crystal adjacent to IC1. 
Its orientation does not matter, but 
avoid heating its leads too much. 

Next, install the DC socket, ensuring 
that it is flush against the PC board 
and is at right angles with the board 
edge in both planes. Follow with the 
RJ-45 type II socket — push its plastic 
posts into their holes, then carefully 
solder the eight pins without bridg- 
ing them. If you do manage to create 
a solder bridge, it can be cleaned up 
with solderwick. 


lights. Up to four’slave units can be connected in series, giving 
a total of 32 channels. For a full explanation, see last month’s introduction. 


INPUT CONTROL 
@ @ PN ea | 
1 2 fons e e bd 


Everyday Practical Electronics, November 2012 


The green LED is installed at right- 
angles to the PC board and in line with 
the edge. Bend its leads 6mm from the 
body, using the overlay as a guide as 
to the final orientation — the flat side 
should be lined up as shown. Solder it 
so it sits 7mm above the board surface. 

The infrared receiver (IRD1) needs 
its leads bent twice. With the dome of 
the lens at the front, bend the leads 90° 
backwards 1mm from the component 
body, then back in the opposite direc- 
tion 7mm from the first bend, forming 
a ‘Z’-shape. Push the remaining leads 
all the way through the PC board before 
soldering them so that the 7mm section 
rests on the top. 


Testing the master board 
Before installing IC1, check that the 
power supply is working. Temporarily 
connect a 9V AC plugpack to the power 
socket and measure the output (right- 
most pin) of both regulators relative to 
the tabs —they should be close to 6V and 
3.3V. Assuming they are OK, remove 
the power supply and wait a few sec- 
onds, then install the microcontroller 
(IC1), being careful to line up its notch 
with that on the socket. 

Re-apply power and the green LED 
should flash twice then continually 
ramp its brightness up and down. This 
tells you that the microcontroller and 
its zero-crossing detection circuitry 
are working. 

If the LED does not flash, check that 
IC1 has been programmed correctly 
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Fig.4: here’s 

the component 
overlay for the 
master unit, with 

a matching photo 
underneath. Two 
points to note: (a) 
the SD card socket 
is mounted on the 
underside of the PC 


Digital Lighting 
Sequencer 


board, and (b) the 
2200uF capacitor 


SD/MMC 
SOCKET 


TO SLAVE MODULE(S) 


Christmas Light Sequencer 


€°€-LIO+6EWT 


POLe 3902+ 


and the crystal is correctly installed. If 
it does not pulsate, check the passive 
components in the zero-crossing detec- 
tion circuit. 

Assuming all is OK, place a WAV file 
(in the standard PCM format, eg, from 
a CD) on an otherwise blank memory 
card and plug it in. The green LED 
should go out (it may flash twice first) 
and after a few seconds it should turn 
on fully. 

Ifso, connect the audio output sock- 
et to an amplifier (eg, using a 3.5mm 
to RCA cable) with the volume turned 
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down then slowly turn the volume up. 
If you hear the audio being played then 
the card, socket and audio output are 
all operating correctly. 

If the LED is on, but there is no 
sound, check the audio output cir- 
cuitry. If the LED does not turn on as 
described then there may be a problem 
with the soldering on the card socket. 
Ifthe LED flashes repetitively in a pat- 
tern, this indicates that the software 
has encountered an error — see the 
table of error codes towards the end 
of the article. 


is mounted lying 
down on the PC 
board, with some 
hot melt glue or 
silicone sealant 

to hold it in place 
(after soldering!). 
We strongly suggest 
you use a socket for 
the microcontroller 
at least — it makes 
testing and trouble- 
shooting a whole 
lot easier. Note 
that there are some 
minor differences 
between the early 
prototype PC board 
at left and the 
component overlay 
above. 


AUDIO OUT 


Completing the master module 
Snap the front panel off the box and 
cut and drill it as shown in Fig.5. A 
photocopy or print-out of this template 
can be temporarily glued on to the 
panel as a drilling aid. 

For the round holes, drill a small 
pilot hole in the centre and then ex- 
pand it using a series of wider drill 
bits, then deburr it using a larger drill 
bit. This ensures that the holes remain 
round and clean. 

For the larger rectangular hole, mark 
the outline using a sharp knife and 
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Fig.5: same- 


Constructional 


size diagram 
showing the 
holes and 
cut-outs for 
the master i 
unit. The 
photo below 


13.25-—1 


‘<1 0-1 20 —m 1-14, 5 


shows the 
same thing, 
this time 
assembled. 


ALL DIMENSIONS IN MILUMETRES 


then drill a series of closely spaced 
3mm holes around the inside of the 
outline, then cut the remaining plastic 
to knock out the centre section. 

Use a needle file to clean up the 
edges and slowly expand the opening 
until the connector fits neatly. 

The card slot can be made using a 
similar technique, but the holes must 
be small (eg, 1.5mm to 2mm) to avoid 
going outside the outline. Once the slot 
has been filed to a rectangular shape, 
you may need to slightly elongate it 
in one direction or the other after the 
case is assembled to suit the alignment 
of the card socket. 

Now mount the PC board in the 
case. It is attached to the lid’s integral 
plastic stand-offs with nylon washers 
between them, so that the memory 
card can clear the lip on the lid. Place 
the nylon washers atop the stand- 
offs, then lower the PC board on top 
without knocking them off. Attach the 
board using the specified self-tapping 
screws. 

If you can’t get the board on with 
the washers staying in place, you 
can glue them to the underside of the 
board with a dab of hot-melt glue or 
other adhesive. They must be slightly 
offset from the centre of the holes so 
that they do not extend out past the 
board’s corner cut-outs. 

With the board installed, one further 
cutout must be made to the base lip. 
The specified RJ45 socket is quite tall 
and requires a notch, as shown in the 
close-up photo. Gently trim away the 
plastic using side-cutters and clean it 
up using a file. Care must be taken to 
avoid cracking the case or scratching 


HOLE A: 6.0mm DIA. HOLES B: 5.0mm DIA. HOLE C: 5.5mm DIA. 
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the panel — the lip itself is hidden by 
the front panel when it is installed. 

At this point, with the lid in place, 
the front and rear panels can be 
snapped on and the master module is 
complete. Note that when attaching 
the front panel you will need to lever 
it in place — clip on the edge with the 
RJ45 cutout first. 

In doing so, be careful that the LED 
fits through the hole, otherwise its 
leads will be bent. Also, check that 
the infrared receiver sits properly 
behind its hole when the front panel 
is in place. 

Once you have confirmed that all 
the cutouts are correct and the front 
panel fits properly you can stick the 
label in place. If it is not adhesive (ie, 
if you have printed and laminated it) 
it can be attached with a thin smear 
of silicone sealant. 


Slave board construction 
Again, check the copper side of the 
Slave board (Fig.6), then install the 
wire links. There are ten in the low 
voltage (bottom) section; these can be 
made from tinned copper wire or 02 
resistors. 

The eight links near the triacs are 
at mains potential, so they must be 
insulated. Cut eight 11mm lengths 
of 2.5mm or 3mm fibreglass sleeving 
and slip each over a 20mm length of 
tinned copper wire. Bend the ends of 
the wire to form 11.5mm wire jump- 
ers and then solder them in place. 
When that is finished, install all the 
resistors. Use a multimeter before 
installation to be sure that they are 
the correct value. 
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Next, fit the three ICs and eight opto- 
couplers. The ICs all have different pin 
counts, so it is hard to mix them up, 
but be careful with their orientation 
(see the overlay diagram). Straighten 
the leads and press each IC down as 
far as it will go before soldering it. 
The orientation of the optocouplers is 
critical, so be sure to install them with 
the notch towards the left side of the 
board, as shown in Fig.6. 

Now solder the two low-voltage 
MKT capacitors (at the bottom left) 
and the two electrolytic capacitors. 
The longer lead of each electro goes 
into one of the two holes near the ‘+’ 
symbol. 

After that, you can install the termi- 
nal blocks, with the openings facing 
towards the nearest edge of the board. 
Follow with the X2 capacitors, then 
the two RJ45 connectors. They are 
installed in the same manner as the 
master board. Ensure they are pressed 
down fully before soldering them. 

The eight red LEDs are next, but 
first their leads must be bent at right 


<a 


d 


This notch needs to be cut in the case to 
accommodate the RJ-45 socket. Cut it as 
neatly as you can, but don’t worry too 
much if your skills aren’t up to scratch: 
it’s hidden by the front panel. 
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angles 7mm from the lens. The anode 
(the longer lead) must go towards the 
right edge of the board, so bend them 
in the correct direction to achieve this. 
The horizontal portion of the leads 
go 16mm above the board surface. A 
16mm-wide strip of cardboard can be 
cut to assist in positioning them. 

Fit the triacs to the heatsinks in pairs 
— one on either side. Insert a 10mm x 
M3 screw through one tab, then the 
heatsink, then the other tab and secure 
with a shakeproof washer and M3 nut. 
Do them up tightly. As before, thermal 
grease is not necessary, but may be 
used if desired. Note that the tabs on 
these devices are insulated - do NOT 
substitute other triacs! 

Once each triac/heatsink assembly 
is complete, push the leads through the 
holes in the PC board until the heat- 
sinks are right against the board, then 
flip it over and solder the two thick 
posts to hold the assembly in place. 

The heatsinks are quite large, 
so you will need to use a large tip 
and/or high temperature for this job. 
When the heatsinks are in place you 
can then solder and trim the Triac leads. 
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Now fit the toroidal inductors. Push 
each pair of leads through the board 
as far as they will go then solder and 
trim them. 

Finally, install the Earth lug. If your 
spade terminal is double-ended, cut 
one end off first with a pair of sturdy 
side-cutters. Place a shakeproof washer 
over an M3 x 10mm machine screw and 
insert it through the earth mounting 
hole from the copper side. Place the lug 
over the shaft, then an M3 nut. Tighten 
it, with the lug oriented so that the cable 
won't interfere with any components. 
Add a second nut on top (to act as a 
locknut) and do it up firmly. 


Testing the slave module 

Test the low voltage section of the 
slave module before installing it in 
the case. Download the test data from 
the EPE website (1611010T.zip) and 
extract it into the root directory of a 
blank memory card. 

With the master module power dis- 
connected, connect the slave board 
to it using a short Cat5 cable. Make 
sure the slave board is resting on a 
non-conductive surface and check 
that you have plugged the cable into 
the correct (control input) connector. 


The assembled slave unit, ready to be 


wired (as shown later) and fitted to its case. 
Never be tempted to work on the PC board with power 

applied — always have the lid on the case. 
At right is Fig.6, the component overlay for the slave unit. 


Plug the card into the master module 
and apply power - do not connect the 
slave module to mains! 

After a brief delay, you should see 
the LEDs on the slave module light 
up in turn for two seconds each. This 
repeats, then after a ten-second delay, 
it goes into a loop where each LED 
fades in and out in turn. 

If some of the LEDs do not light, 
check the corresponding LED, opto- 
coupler and current-limiting resistor 
for errors. If none of the LEDs light 
then there is a problem around one of 
the digital logic ICs or one of the RJ45 
connectors. 


Slave module assembly 

Now prepare the front panel, using 
Fig.9 as a guide. As with the master 
module, the round holes can be drilled 
while the others can be made by drill- 
ing a series of holes within the outline, 
knocking the centre out and filing them 
to shape. 

Be careful to make the IEC connec- 
tor cutout accurately, as a tight fit will 
ensure that it can’t come loose. 

After that, attach the front panel 
label. For maximum protection from 
grubby fingers, we suggest it is lami- 
nated and glued on using a thin layer 
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Fig.6. Component layout for the slave module board 


of silicone sealant — or it can be printed 
on adhesive-backed paper. 

With the label in place, the IEC con- 
nector can be snapped in. Make sure it is 
the correct type, designed for mounting 
on a 1.5mm panel, or else it will not be 


secure. Ifit is all sloppy in the cutout, we 
suggest a couple of dobs of suitable glue 
around the edges (inside) to keep it tight. 

Push the LEDs and RJ45 connectors 
on the main board through the front 
panel and lower the whole assembly 
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into the plastic case, with the front 
panel in its recess. 

If your case has a vent in the 
bottom, orient the board so that 
this vent is towards the front (low 
voltage) end. Screw the board on to 
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UNK BETWEEN N TAG ON IEC 
MALE CONNECTOR & SWITCH TAG S1 


MALE CONNECTOR & SWITCH TAG S2 


WIRE BETWEEN SWITCH TAG S4 ON 
IEC MALE CONNECTOR & 'ACTIVE INPUT' > 
TERMINAL BLOCK ON PC BOARD 
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7 


FOUR OF THESE LEADS, TO CONNECT TO 
‘A! LUG OF IEC OUTPUT 8, IEC OUTPUT 6, 
IEC OUTPUT 4 AND IEC OUTPUT 2 


LINK BETWEEN FUSE TAG F2 ON IEC Nansen 
> (= 


BLUE SPADE CONNECTORS ARE LARGER TYPES TO ALLOW TWO WIRES TO BE INSERTED 


EONIEC EONIEC EONIEC EONIEC EARTHLUG ETAGON 
ae Urry OUTPUT OUTPUT FOR REAR IEC MALE 
4 


e-—————. 80mm ——————> 
FOUR OF THESE LEADS, TO CONNECT TO TO Aout7, Aout5, 
‘A! LUG OF IEC OUTPUT 7, IEC OUTPUT 5, > Saas Aout3 & Aout! 
IEC OUTPUT 3 AND IEC OUTPUT 1 TERM BLOCKS 
-~— 45mm ——e| 


> TO Aout8, Aout6,Aout4 & Aout2 
TERM BLOCKS ON PC BOARD 


—— 150mm 


(MATES WITH SPADE 
LUG ON PC BOARD) 


ON PC BOARD 


NOTE: ALL FEMALE SPADE CONNECTORS HAVE INSULATION SLEEVES 


Fig.7: you'll need to make up a set of cables with spade connectors, as shown, 
to complete wiring the slave unit. Both the cables and spade connector sleeves 
should be the same colours as shown here to ensure there are no mixups between 
active (live), neutral and earth wires. (The blue sleeves allow for two wires). 


the plastic risers using self-tapping 
screws. 

Now prepare the rear panel. If you 
are building the module from a kit, 
the rear panel may be supplied pre- 
cut. Otherwise, cut a piece of 2mm 
thick aluminium (or 1mm steel) to 
shape as shown in Fig.9. The eight 
cutouts are best made using a nib- 
bling tool. 

To accurately nibble the cutouts, 
print or photocopy the template, glue 
it to the panel (spray glue is ideal) 
and nibble out the holes to the lines 
on the template. Use a file to clean 
up the holes and remove any burrs. 
At the same time, drill the seventeen 
holes and de-burr them with a larger 
drill. 
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Connectors 

Once everything fits, peel off the tem- 
porary label and clean with solvent 
(meths) if necessary. Then install the 
eight connectors using 10mm M3 


machine screws, shakeproof washers 
and nuts. 

You may have noticed that we used 
snap-in female IEC connectors in our 
prototype, but specified screw-mount 
types in the part list. 

This is because the snap-in connec- 
tors can easily fall out when used on a 
panel this thick (necessary due to the 
amount of metal removed for the con- 
nectors). Screw-mounted IEC connec- 
tors are much safer in this application. 

Now cut 250V AC-rated wire to 
length and attach crimp connectors, 
as shown in Fig.7. To ensure the wires 
cannot come loose, you must use a 
ratchet-type crimping tool. 

Be sure to use the connectors with 
the correct colour, as shown, since they 
are designed for different thicknesses of 
wire (the blue connectors are designed 
for thicker wire so are suitable for join- 
ing two smaller diameter wires). 

Complete the slave module wiring 
using Fig.8 as a guide. 

You may need to bend some of the 
spade terminals on the IEC connec- 
tors upwards to get the wires past the 
inductors. If so, bend them carefully 
using pliers, to the minimum extent 
possible, so that the insulated connec- 
tors still cover the exposed metal. Be 
sure to plug the connectors in all the 
way so they can’t come loose. 

The rear panel earth lug is attached 
using a 10mm M3 screw. Pass it through 
from the rear then place a shakeproof 
washer on the shaft, then the eyelet lug, 
another shakeproof washer and two nuts, 
which are tightened very firmly. If there 
is any coating on the rear panel, it must 
be scraped away around the earth lug 
hole to ensure a good electrical contact. 

Use cable ties to secure the wires so 
that they are held away from the com- 
ponents on the board and to prevent 
any wires from moving around and 
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WARNING! 
This is a mains-operated device. 
Construction should not be attempted unless you 


have knowledge of and experience in building 


mains-powered projects. 
The slave unit has areas of the PC board where 


| {) I ! 


( yr (Rds 
| TYPE Il) 
INPUT FROM THROUGH TO 
CONTROLLER OTHER SWITCH BOXES 


components and tracks are at mains potential. 
Contact with live wiring could prove fatal. 


one © © 
IEC MALE CONNECTO! 


WITH FUSE & DPST SWITCH 


Aout2 
Aout] 
ACTIVE 


sO lg 
roc qf (Se) 
SAME ISS! F2 N 
© = 


SY si 


Fig.8: using the cables made up to suit (see Fig.7) here’s how to wire the slave unit. It’s easy if you make the cables the 
right lengths and terminate them with spade lugs, as shown. 


working their way loose. The lid can 
then be installed using the supplied 
machine screws. 

Finally, insert the two 10A fuses 
into the mains input connector (15A 
for 115V mains). One is a spare. 


Final test 
First, a warning. Never plug the slave 
module into the mains without the 
lid in place. 


If you ever need to remove the lid, 
unplug the module first, and before 
re-installing it, check that the mains 
wiring is secure and safe. 

The whole project can now be test- 
ed. Use the same files on the memory 
card and the same set-up as previously, 
but this time connect some lights. 

For testing (which involves phase 
control), use 230V incandescent lamps 
only, not LEDs with a switch-mode 
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supply. While it is unlikely that a 
switch-mode supply would be dam- 
aged by a brief period of phase control, 
it certainly won’t like it! 

Later, in use, LEDs with switch- 
mode supplies may be switched on 
and off using this sequencer, but 
should never be dimmed or faded. 

Join the Master and Slave mod- 
ules together, plug the slave module 
into mains and switch it on. Then 
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Remote control 


yf The default remote control codes for the master 
y unit are set up initially for a Jaycar AR1726 (TV 

y code 102) or Altronics A1012 (TV code 156) uni- 
versal remote. We explain later how to customise the 


e 
® 
ey &, 
~ ee 

ars 


“vy codes for other remotes. 
Ss y These are the available functions: 
Command 


Button Description 


Play play Starts or resumes playback 

Stop stop Stops playback. Pressing it twice 
will go back to the first file 

Pause pause Pauses or resumes playback 

Channel + | next Goes to the next sequence/WAV 
file 

Channel — prev Goes to the previous sequence/ 
WAV file 

Volume + volup Increase audio volume 

Volume — voldn Decrease audio volume 

Fast forward | forward | Skip ahead 10 seconds 

Rewind back Skip backwards 10 seconds 

1-9, 0 1, 2,...10| Jumps to the first, second, third 
etc sequence/WAV file on the 
card and starts it immediately. 
Playback will stop when it finishes. 

Power reset Stops playback and goes back to 
the first file 

Record order Changes the playback order in 
this sequence: sorted, shuffle, 
directory, sorted. . . 
See ‘Configuration’ for more details. 


following tables: 


No of 
Slow flashes 


No of 
Fast flashes 


Error flash codes 


If something goes wrong, the master module flashes its LED in 
a pattern. This pattern involves a specific number of slow and 
fast flashes which repeat after a delay. To determine what has 
gone wrong, count the flashes and then look them up in the 


While re-programming the main program 
While re-programming the bootloader 
During operation (in the main program) 


Failed to initialise memory card after 3 attempts 
FAT file system not recognised 

Could not find root directory 

Re-programming completed, but verify failed 
HEX file read error 

HEX file format invalid 

Failed to detect valid mains frequency 
Unexpected error while re-flashing bootloader 
Memory card indicates wrong supply voltage 
Memory card command time out 
Configuration file contains invalid line(s) 

No sequences found on memory card 

Invalid WAV file on memory card 
Unsupported WAV file format detected 
Memory card file read error 


When error occurred 


Meaning 


apply power to the master module 
and check that the lights operate as 
expected. 


Using the controller 

While the photo last month shows the 
master module sitting on top of the 
slave module, in practice it is a good 
idea to separate them by at least 50cm 
and if possible, run them from separate 
mains outlets. 

The reason is that the 100Hz/120Hz 
triac switching generates a fairly sig- 
nificant amount of EMI (electromag- 
netic interference). The LC filter at each 
output reduces but does not eliminate 
the radiation. Most of the emissions are 
from the cabling between the controller 
and the lights. 

As a result, if the master module 
is too close to a slave module then a 
buzzing sound can be coupled into 
the audio output. By keeping the 
modules physically separated and 
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also separating the mains wiring this 
effect is minimised. 


Creating sequences 

In order to create a truly spectacular 
light show you need to make a se- 
quence for each piece of music. 

We have supplied a sample se- 
quence along with a public domain 
Christmas song which you can down- 
load from the EPE website. 

To create your own sequence you 
will need to download and install our 
Windows sequencing software. 

The first step in creating a sequence 
is to open a WAV file. Select the 
File->New command and you will be 
prompted to select the WAV file. At 
this point, a blank sequence is created. 

From top to bottom, the applica- 
tion window is separated into the 
following sections: menu, toolbar, 
audio display, sequence display and 
light status bar. The menus give you 


access to all functions, while the 
toolbar provides more convenient 
access to the most commonly used 
function. 

Move the mouse over a toolbar 
button and leave it there to display 
a ‘tooltip’, which explains what that 
button does. Buttons which cannot 
be used are ‘greyed out’, and in this 
case the tooltip will explain why. The 
tooltips also indicate the shortcut key 
combination (if available) to activate 
that function. 

Below the toolbar is a representa- 
tion of the WAV audio data, shown as 
it would be on an oscilloscope. If you 
place the mouse cursor over that sec- 
tion, the scroll wheel (or menu/toolbar 
functions) can zoom in and out. Right- 
clicking or right-dragging the mouse will 
scroll the display, as will moving the 
scrollbar at the bottom of the window. 

You can get a feel for how the 
audio display works by pressing 
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and holes 
required 


for the rear 
panel (left) 
— all IEC 
connectors, 
and the 
front panel 
(right) with 
cutouts for 
the RJ45 
plugs, the 
IEC mains 
connector/ 
fuseholder/ 
switch and 
holes for 
eight LEDs. 
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Configuration 


start playback automatically = yes, no 


start file = “filename” 


default volume = 700% 
default repeat all = yes, no 


filament preheat amount = 20 


filament preheat <slave> = yes, no 


infrared logging = off, on 


default file order = shuffle 
filament preheat 1:7 = off 
filament preheat 1:8 = off 
triac turnoff 1:3 = delayed 
triac turnoff 1:4 = delayed 


default file order = sorfed, shuffle, directory 


filament preheat <slave>:<channel> = yes, no 


triac turnoff <slave> = immediate, delayed 


Here is an example configuration file: 


The master module’s default behaviour should be adequate for most users. You just need to load your music and sequence files on 
to the memory card, plug it in and switch it on. 
However, some users may want to alter the master unit’s behaviour. To do so, place a text file in the root directory of the memory 
card and rename it to ‘Light Controller.cfg’. In Windows, it can be edited by opening Notepad and dragging this file into the main window. 
In this file, each option is written on a separate line, with the option name on the left, then an equals sign (‘=’), then the value 
for that option. The possible options are as follows, with the default shown in bold italics: 


If yes, the first file on the card is played immediately. 
Otherwise playback must be started via the remote control. 


If set, the file of the name specified will be the first played. 
Otherwise the first file found is used. 


If set to sorted, files will be played in alphabetical order. 
If set to shuffle, files will be played in a randomised order. 
Otherwise, files will be played in the order that they are stored. 


Allows you to reduce the initial volume. 
It is better to use an external volume control if possible. 


If set to yes, when the last file finishes playback will start again 
at the first. Otherwise playback will stop. 


The fraction of full power to use for the filament preheat. 
It is a number between 0 and 255, where 255 means full power. 
The default should suit most incandescent lamps. 


Controls filament preheating on a per-slave basis. 
<slave> is replaced with the slave number between 1 and 4. 
Slave 1 is the slave closest to the master module. 


Controls filament preheating on a per-light basis. 
<channel> is replaced with the channel number between 1 and 8. 


If set to delayed, the trigger pulses for the specified slave will be 
held until the end of each mains half cycle. 
Read the section on delayed turnoff before using this option. 


triac turnoff <slave>:<channel> = immediate, delayed _As above, but allows control on a per-channel basis. 


remote code <command> = AC5(0x????) or NEC(0x????) Allows the unit to be configured for different remote controls. 
See ‘remote control configuration’ for more information. 


If set to on, the unit will log all infrared activity to a file. 
This assists with reconfiguring the codes. 


Reproduced by arrangement 


www.siliconchip.com.au 


with SILICON CHIP 
magazine 2012. 


the ‘play file’ button with speakers 
or headphones connected to the 
computer. 

Below the audio data display are the 
sequencer light states, which scroll 
together with it. 

The brightness of each horizontal 
strip represents the brightness of the 
light as time passes. By clicking on a 
portion of the audio data, you can see 
the state of the lights at that point in 
the sequence on the light status bar, at 
the bottom of the window. 
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This bar is also active during play- 
back to provide a sequence preview. 


Manipulating the sequence 
Click and drag the mouse within the 
sequence area to select a portion, which 
will turn blue. You can move the start 
and end of the selection by dragging 
them. It is also possible to select from 
the audio display. 

Which lights are selected can be 
changed by clicking on the light 
names at the left of the window. 


Control-click and shift-click allow 
you to select multiple lights. 

Once a selection has been made, 
you can manipulate that portion of the 
sequence using the functions towards 
the right-hand side of the toolbar (or 
from the Lights menu). 

These include turning the light(s) on 
or off for that period, setting them to an 
intermediate brightness, ramping the 
brightness up or down or performing 
a ‘cascade’ where the lights are turned 
on in sequence. 
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Inside the completed slave unit - this shows push-fit IEC connectors on the rear panel, but with 20:20 hindsight, we 
now recommend captive types (with screws and nuts). For safety, follow our wiring diagrams and photos exactly! 


The best way to understand how 
these functions work is to experi- 
ment with them. After changing the 
sequence, you can play it (ora section 
of it) to get an idea of what it will 
look like. 

The easiest way to do this is to select 
the section of the file you are working 
on and press the ‘set play region’ but- 
ton on the toolbar. You can then use 
the ‘Play region’ function to play this 
section at any time as you are work- 
ing on it. 

If you make a change that you are 
not happy with, simply use the ‘undo’ 
function to revert it. 


Auto-sequencing 
For automated sequence creation 
there is the ‘beat detection’ function, 
which pulses one or more lights in 
time with the beat; the ‘spectrum 
analysis’ function, which behaves like 
a ‘Musicolour’; and even an ‘automatic 
sequencing’ function, which can gen- 
erate a complete sequence with just a 
few mouse clicks. 

The GUI (graphical user interface) 
is designed to be easy to learn, so with 
a little experimentation you should be 


able to figure out most of its functions. 
We don’t have enough room for a more 
detailed explanation this month, but 
we will provide more information 
next month. 


Delayed turnoff 

The delayed turnoff option should 
only be used in two situations — either 
during testing, to allow the slave in- 
dicator LEDs to vary their brightness 
or else for channels with lights that 
have insufficient current to properly 
latch the triacs (<25W or so). If the 
brightness of your lights is not being 
properly controlled, you may need to 
use this option. 

In the latter case, only enable de- 
layed turnoff for the affected channels. 
It is not a good idea to have more than 
a few such channels, as this results 
in higher current drain on the 6V 
line. This can cause excessive heat 
generation in the 7806 regulator and 
higher voltage drops across long Cat5 
cables, possibly resulting in incorrect 
operation. 

Ideally, use lights with a high 
enough power rating to allow the 
triacs to latch. 
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Remote control configuration 
Up to three remote control codes can be 
assigned to each command. These can 
be Philips RC5 12-bit codes or NEC 16- 
bit codes (used by some Digitech remote 
controls). Either way, the code is speci- 
fied as a 4-digit hexadecimal number. 

Do not worry about what this means, 
as the infrared logging feature can tell 
you what codes your remote control 
uses. Simply enable the feature, turn 
the unit on and press the buttons you 
are interested in. All you then need to 
do is open the log file on your computer, 
copy the codes into the configuration 
file as appropriate, and disable the log- 
ging feature. 

The format for an RC5 code is 
*RC5(0x1234)’ and for an NEC code 
it is ‘NEC(0x1234)’. For example, to 
configure the master module so that 
RC5 code 0x0020 triggers the ‘next’ 
command (which is the default), add 
the following line to the configura- 
tion file: 


remote code next = RC5(0x0020) 


To add two to four possible remote 
codes for a given command, separate 
them with commas. 
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Security 
system 


Here’s a high-security system that’s very easy to build, but offers you 
peace-of-mind for your home, car - in fact, anything where entry 
needs to allow the good guys in but reject the bad guys. Team it with 
an electric lock and you have a keyless entry system as well! 


the need for property security 

is ever present. Our homes and 
businesses are a target for thieves and 
other criminals. 

We spend countless amounts of mon- 
ey on systems that have been designed 
to counter the would-be bad guys. 

The complexity of these systems 
ranges from a simple sticker that 
proclaims ‘Batman will jump through 
the window and zap any burglar stu- 
pid enough to attempt robbing the 
premises’, all the way up to computer- 
controlled alarms systems that use 
satellites to protect our property and 
warn of a crime in progress. 

Although the system presented here 
does not communicate with satellites, 
it will give a high level of protection 
and control access to any structure that 
it is monitoring. 


[= Asad fact that in today’s world 


RFID? 

Ifyou have a key fob for access 
to offices at work, a micro- 
chipped pet or a late-model 
car with an immobiliser key, 
then you’re already using ra- 
dio frequency identification 
(RFID) technology. Although 
RFID is not a new field, and 
it has been written about in 
this magazine in the past, it is 
now available as a project for 
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any person who wants to protect their 
property from unauthorised access. 

This system will give control over 
who has access to your home, car or 
any other building you care to men- 
tion. The system is installed in a posi- 
tion that will allow the users access to 
the protected building. 

A tiny (keyring-sized) RFID tag is 
held close to the sensor. The system 
detects the tag and compares its ‘sig- 
nature’ with those stored in memory 
(up to eight). 

If, and only if, a match is found, an 
on-board relay is enabled for one sec- 
ond. This relay could be used to disarm 
a burglar alarm or unlock a door. 

If the detected tag is not one of those 
stored in memory then the system can 
be used to trigger an alarm or to sound 
a warning that an unauthorised access 
has been attempted. 


Fig.1: a basic RFID setup consists of a reader 
(or interrogator) and transponder. Low frequency systems rely 
on inductive coupling to provide transponder power. 


The advantage of this is that tags 
can be changed and the system re- 
programmed at will, so if a tag is 
stolen, or even if someone attempts 
entry who is no longer allowed, that 
tag will have no effect except to flag 
an unauthorised entry attempt. 


Operation 

RFID operates by generating a mag- 
netic field and then looking for any 
modulation on that field — see Fig.1. 
RFID ‘tags’, when bought within range 
of the scanning coil will send out a 
unique series of bits. 

In our system, The on-board mi- 
croprocessor decodes these bits and 
outputs a data frame from pin 1 which 
is sent to RBO (pin 6) of IC1. 

The range of this system is around 
4cm which, although not a lot, is ideal 
for the application presented here. 

The full circuit diagram 
in Fig.2 shows that there is 
not much to the system at 
all. The RFID part consists 
of a pre-built module that 
generates the necessary RF 
field used to scan the tags 
as they are bought within 
range of the scanning or 
detection coil. 

As well as ‘reading’ the 
data from the tag, the coil 
also provides power to the 


Everyday Practical Electronics, November 2012 


by Jeff Monegal 


tag via inductive coupling. It’s a minute 
amount of power, but enough to ‘wake 
up’ the tag and cause it to transmit its 
unique code back to the coil. 

The data frame consists of 42 bits, 
which is detected and fed to the 
PIC16F628 microprocessor (IC1). The 
internal software strips off the unwant- 
ed bits of the frame to leave the last 24. 

If you think that this cuts down on 
the number of different combinations, 
then consider this: 24 bits = 2 to the 
power of 24, equals 16,777,216. 

The circumference of Earth is 
40075km... If you think of Earth as 
a giant wheel, you would need a pin 
spacing of 2.4 meters around the full 
circumference of the wheel to equal 
this number of bit combinations. 

Another way of looking at it is, if 
each tag is randomly programmed 
when manufactured, you could line 
up 24 people and get each one to toss a 


The ‘works’ of the RFID tag is tiny, as 
this photo shows. Very close to actual 
size, this is the same tag that’s encased 
on the keyring shown above left. 


Constructional 


he project is very easy to build - all the hard 
parts (the RFID module and the detection 
coil) are prebuilt, which leaves you with 


coin, ‘1’ for heads 
‘O’ for tails...the 
chance of one of 
the combinations 
being repeated 
again is one in 16,777,216... If the 
coins are tossed once every minute the 
probability of repeating the same com- 
bination again would take 32 years... 

I think you will agree that 24 bits 
are more than enough to ensure good 
security for this project! 


Up to eight tags 

When setting up the system, the user 
can make the system learn up to eight 
separate tags. The unique code of each 
of the tags is then stored in memory. 
When a tag is detected, the micro com- 
pares its code with those in memory. If 
a match is found, the relay is latched 
for one second and the GO LED is lit, 
also for one second. One of the eight 
user LEDs will also light to indicate 
which tag was detected. 

After the relay unlatches, the system 
goes back to standby, waiting for the next 
tag to come by. That is really all there 
is to the system. The relay can be used 
to operate an electric door strike to give 
controlled access to a room or building. 

Be careful when selecting the door 
strike: you can get ‘fail safe’ where the 
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only a handful of components 
to solder onto the PC board. 
The relay output can 
switch an electric 
door strike, a car 
central locking 
system, another 
alarm or just 
about anything 
you want! 


lock will be open 
if power is not ap- 
plied, or ‘fail secure’ where the 
mechanism will be locked if power is 
not applied. 

You have the choice of wiring the re- 
lay output so power is normally applied 
and the lock opens when the relay pulls 
in (wasteful of power, but important if 
emergency egress is required), or using 
a fail-secure strike, which ‘opens’ for 
the second power is connected (much 
less wasteful of power, but can be a 
hazard in an emergency). 

The digital output from pin RB2 (IC1 
pin 8) can be interfaced to an existing 
security system so that the RFID system 
can trigger it, turn on lights and cameras, 
sound a warning siren and so on. Just 


The heart of the project is this RFID 
module, which comes pre-assembled and 
tested, ready to solder into the PC board. 
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[PIN NOS ON RFID MODULE 
ARE NOT MARKED BUT 
PINS AUGN WITH HOLES IN PCB] 


RFID SECURITY SYSTEM A, Oc SZ 


Fig.2: the RFID module detects any tag brought into close proximity, sending its code to IC1. This in turn determines 


REG1 7805 


whether it is a valid code and if so, energises the relay for about a second. 
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IN2Z 
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The one-second 
relay closure is 
perfectly suited to 
a central locking 
controller, or 

an electric door 
strike, such as 
this one (available 
from Jaycar and 
Altronics). Bear 
in mind our 
comments about 
fail-safe and fail- 
secure electric 
strike models. 


keep in mind that the relay only pulls 
in for a second, so any other device will 
need to take this into account. 

The system will operate on 12V 
DG, so it can be used to operate a car 
central locking system. The scanning 
coil could be placed up against the 
inside of the windscreen and the relay 
connected to the car’s locking system. 
This would give a high level of security 
to your vehicle. 

I’m sure that readers will come up 
with a few other applications for this 
system. 

Indeed, the 8-user LED outputs can 
also be used to perform various func- 
tions — with some clever interfacing 
the eight user LEDs can be used to give 
varying levels of security. 

As an example, user 1 may be given 
full access to a secure building. Users 
2 and 3 may only be allowed access 
to certain rooms. Despite its apparent 


simplicity, the project presented here 
could form the basis of a very secure 
personnel access control system. 


How it works 
The RFID Security System circuit dia- 
gram (Fig.2.) shows that there are not 
a lot of components in this system — if 
we take away the mandatory power 
supply there is not much left. The 
actual receiving of the data is done by 
a pre-built module. The output from 
this module is a 42-bit data frame, but 
as explained earlier, we only use the 
last 24 bits. The micro extracts this 
24-bit data, then compares this with 
the eight memory locations and if a 
match is found the relay is latched for 
one second and the activated User LED 
is turned on for one second. 

The ERROR LED will light if a tag 
was detected, but its code was not 
complete or corrupted in some way. 
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Fig.3: follow this component overlay as you construct the RFID 

Security System. Note LED 14 faces the opposite way to the other 

LEDs. We suggest you use an IC socket for the PIC processor, as 
seen in the photo below, as it makes checking simpler. 
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PARTS LIST = 
REIDESecunitvESystem 


PC board (code 875) available from the EPE 
PCB Service, size 96mm x 62mm 
CRO003 pre-built RFID receiver module 
(supplied with pre-made sensing coil to suit) 
2-way PC-mount screw terminal, 5.08mm 
spacing (POWER - CON2) 
3-way PC-mount screw terminal, 5.08mm 
spacing (RELAY OUT - CON3) 
*1 SPDT 12V relay, PC-mounting 
2 tactile switches, PC-mounting (S1,S2) 
1 18-pin DIL IC socket 


Semiconductors 
*41 PIC16F628A microprocessor (programmed 
with RFID_4.hex) (IC1) 
1 7805 5V three terminal regulator (REG1) 
1 W04 bridge rectifier 
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The DETECT LED lights to show a tag was detected and 
decoded. 

The power supply is about as standard as you can get, 
with a bridge rectifier followed by the standard big filter 
capacitor, 3-terminal 5V regulator and then a 100pF out- 
put filter capacitor. The two 100nF caps help to keep the 
supply rail quiet and are placed near the microprocessor. 

Pushbutton switch S1 and associated components, along 
with the learn LED, are used in the tag storage function. Pin 
7 (RB1) of IC1 can be both an input and an output. Normally, 
the pin is an input and the learn LED is off. The PIC micro 
polls this pin, looking to see if the Learn pushbutton (S1) 
is pressed at any time. When it is pressed, the input pin 
is changed to an output which is then pulled low. What 
this does is to hold the Learn LED on after the button is 
released. This now means that the system is in learn mode. 


Learning the tags 
Before this system can work effectively it must learn at 
least one tag so that it will have something to compare any 
detected tags with. 

To learn tags, the operator presses and releases the learn 
button, S1. The Learn LED will now come on and stay on, 
as previously stated. The program is now in learn mode 
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1 BDX37 NPN transistor Q1 
1 1N4004 silicon diode D1 
14 5mm LEDs of any colour (LED7-LED14) 


Capacitors 

1 1000pF 25V radial electrolytic 
1 100pF 25V radial electrolytic 
2 100nF monolithic 


Resistors (0.25W, 5%) 
4 10kQ 
6 560Q 
1 3300 
1 100Q 


WHERE DO YOU GET IT? 


This design and its operating software are copyright 
© 2010 Oatley Electronics. 


A kit of parts for this project, with all components listed 
above, is available from Oatley Electronics (Cat K291). 
* www.oatleyelectronics.com (including 10 keyring RFID 
tags). 


Any technical enquires for this project should be directed 


to jeffmon@optusnet.com.au 
Phone support is not available for this project. All enquires 
and questions will be answered via this email address. 


and waiting for the next tag to come along. The operator 
now simply places the tag to be stored near the receiving 
coil. If the program successfully decodes this tag the learn 
LED will go out and user 1 LED will come on. 

The system is now waiting for the user to select a memory 
location for the next tag. 

Pressing the USER SELECT button (S2), will cause the 
user LEDs to cycle round. First press will turn user 1 LED 
off and user 2 LED on. Next press will turn user 2 LED off 
and user 3 LED on. Each press of the select button will shift 
along the LEDs. When LED 8 comes on, the next press will 
cycle back to user 1 LED. 

When you are happy with the memory location, press the 
learn button (S1) again. The last decoded tag will now be 
stored in the memory location indicated by the user LEDs. 
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The LEARN LED will now flash once. 
The program now stores the unique tag 
ID in EEPROM. 

That’s it, the tag has been saved. 
When the same tag is decoded next 
time, the system will respond and al- 
low access to the user holding that tag. 

To erase any memory location the 
operator simply goes through the same 
procedure and stores the new tag over 
the top of what was stored in the old 
memory location. 

To summarise the tag-learning 
procedure, users should consult the 
following table: 


ACTION RESULT 

Press and then release | Learn LED on 
the LEARN button (S1) 

Bring required RFID tag | Learn LED off 

in range of coil User 1 LED on 

Select memory location | User LEDs shift 
with SELECT button (S2)| along 

When location selected | Tag stored in 
press LEARN button user location 
The Tag has now been detected, de- 


coded and stored in the User EEPROM 
location. 


Construction 
Assembly of the project is fairly 
straightforward. The PC board is of 
a very high quality; as long as your 
soldering is up to the task and the 
components are placed in the correct 
position you are virtually assured of an 
operational project. The PC board will 
be available from the EPE PCB Service, 
code 875. 

Start construction by inserting the 
resistors and capacitors on the PC 
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The sensing coil (shown close-up at right) solders directly to the PC board 
alongside the RFID module. This coil, which measures about 50mm x 45mm, is 
made from very fine wire, so it needs to be treated with care. The ends of the coil 
wires pass through a protective spaghetti sleeve to protect them. 


board. Remember that the electroylitic 
capacitors are polarised, so be careful 
when installing them. The same goes 
for the LEDs. 

There is a trap for careless players 
with the LEDs: all bar one mount flat side 
(cathode (K)) to the right, when looking 
at the board with the terminal blocks on 
the right. LED 14 mounts cathode to the 
left. You have been warned! 

It is recommended that an IC socket 
be used for the microprocessor — again, 
this must go in the right way around. 
The RFID module should be installed 
next and again be extra careful when 
handling this component. 

The bridge rectifier, 3-terminal 
regulator and transistor are next, and 
all three are polarised (no heatsink is 
needed on the regulator). The relay is 
the last on-board component and will 
only go in one way. 


Sensing coil 

The sensing coil is supplied pre-as- 
sembled, which means you only need 
to attach it to the PC board. 

However, the wire which forms 
the coil is quite fine and will be eas- 
ily damaged with 
any form of rough 
handling. There’s 
about 200mm of 
wire emerging from 
the coil — this at- 
taches to the two 
points marked 
‘COIL’ on the PC 
board (polarity is 
unimportant). 

To protect this 
fine wire, we slid 
on a piece of thin 
heatshrink tubing 
over the two wires 
(which are in fact 
loosely twisted to- 
gether) and glued it 


to the coil itself (the coil is actually 
quite rigid). 

To prevent stress on the opposite 
ends of these wires (ie, the end where 
they solder to the PC board), we an- 
chored the heatshrink with a small 
cable tie right around the RFID module 
and heatshrink 

You also need to decide whether 
you're going to have the coil close to 
the PC board or some distance away. 

If you mount it any further away than 
the ~200mm allowed by the connecting 
wires, you'll need to extend them with 
either thin insulated hookup wire or 
better still, two strands of ribbon cable 
or some thin Figure-8 cable. 

Note that we have not tested the 
RFID unit with the coil any further 
away than the 200mm. In theory, it 
should be quite OK but... 


Smoke test 

At this stage, do not install the mi- 
croprocessor. Apply power and using 
your multimeter measure the voltage 
on pin 14 with respect to pin 5 of the 
micro. You should read close to 5V DC. 
If OK, then switch off the power, wait 
for a short while and then install the 
microprocessor. 

This time, when you switch on the 
power the LEARN LED should come 
on for 500ms. 

If this happens, then the system is 
alive and well and ready for work. 

One of the first things the program 
does is to load the eight user IDs from 
EEPROM so it is ready to decode the 
stored tags. 

If no user data has been stored in 
EEPROM the unit will ignore all tags. 
Go through the learning tag procedure 
to store at least one tag. EPE 

Reproduced by arrangement 
with SILICON CHIP 
magazine 2012. 
www.siliconchip.com.au 
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Does your digital power-supply design controller require 
high performance flexible on-chip peripherals?... 


Control complex Digital Power applications and save power 


~ “Digita al Power 


Microchip’s new dsPIC33F ‘GS’ Series DSCs provide on-chip peripherals 
including high-speed Pulse-Width-Modulators (PWMs), ADCs and 
analogue comparators, specifically designed for high performance, digital 


power supplies. 1. Purchase a ‘GS’ Series 
The powerful dsPIC33F ‘GS’ series is specifically aimed at power control Plug-In Module 
applications and can be configured for a variety of topologies, giving power- 2. Download Digital Power 
supply designers the complete freedom to optimise for specific product Reference Design 
applications. Multiple independent power control channels enable an 3. Order samples and start 


unprecedented number of completely independent digital control loops. 
The dsPIC33F ‘GS’ series offers the optimal digital power solution supported by 
royalty free reference designs and advanced power design tools. 


designing! 
www.microchip.com/power 


Typical applications for the new ‘GS’ series DSC include: Lighting (HID, LED, 
fluorescent), uninterruptable power supplies, intelligent battery chargers, 
ACDC and DCDC power converters, solar and pure sine-wave inverters, 
induction cooking, and power factor correction. 


Digital control loops with up to 18 high-speed, 1 ns resolution PWMs 
Up to 24 channels 10-bit on-chip ADCs dsPIC33F ‘GS’ Series Plug-In Module 


2 to 4 Million Samples Per Second (MSPS) ADC for low latency and (MA330024) 
high-resolution control 


Pin range: 18 to 64 
Up to 64KB Flash memory 


For more information, go to: www.microchip.com/power 
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Special Review 


EASY USB pius TELESCOPE 


DRIVER CONTROL 


By Martin Crane 


The purpose of this article is two-fold: to describe a relatively new and 
possibly unique product called ‘Easy USB’ by Brunning Software, which 
makes programming serial USB communication applications between 
your PC and a P!IC-based peripheral simple. We also consider, as a 
practical example, how this method can be used in, the development of 


an astronomical telescope drive system. 


ODERN operating systems 

coupled with ‘USB only hardware’ 
can be problematic for home-based 
DIY electronic projects, even if it’s the 
additional cost of a USB to serial port 
converter. This is particularly true of 
modern laptops, as they rarely have a 
serial port fitted. ‘Easy USB’ is a very 
useful addition to Brunning Software’s 
training package for PIC and PC serial- 
based communication. 

The beauty of it being that you can 
use Microchip’s 18F range of USB- 
enabled PIC’s, but without any of 
the complexities that a fully enabled 
USB communication link involves; 
you simply write your PIC assembler 
and PC Visual C# code exactly as if 
you were using a simple serial port. 
The USB-to-serial-port converter now 
becomes part of the PIC circuit. 


How does ‘Easy USB’ work? 
Brunning software’s P931 training 
package includes a new version of 
BSPWA —acombined text editor, code 
builder and programming application, 
a new all USB combined test module 
and production PIC programmer, and 
an updated Experimenting with Serial 
Communication book. 

BSPWA_18F version 9.50 (Listing 
1) has two built in library routines, 
one to receive data, the other to send 
data. Based on a USB PIC 18F2450, 
you load, from within BSPWA, a built- 
in template into the text editor that 
includes calls to the USB libraries 
which lay hidden behind the scenes. 

Only the critical entry and exit 
points to the PIC USB code are 
provided, usbsend and usbreceive, 
plus three variables to hold data, 
tousb, fromusb and indatalen. The 
USB libraries occupy PIC memory up 
to address 0x11FF, so your program 
must start at address 0x1200. Apart 
from this, you would barely know it 
existed. When you build and write 
your code to the PIC, the unseen USB 
code is automatically included. 
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"#2 BSPWA_18F v9.50 - Brunning Software 18F PIC A 


se 


#include p18£2450.inc 


erg 0x1220 


indatalen equ Ox7E 


usbsend equ 0x0440 
usbreceive equ 0x0426 
startusb equ 0xl0Fs 


usbtxchar: movlb 0 
movwf tousb,1 
call usbsend 

return 


usbtxtext: movwf TBLPTRL 
movff textmsb, TBLPTRH 
clrf TBLPTRU 
usbtxtextl: tblrd*+ 
movf TABLAT,W 
addlw .0 
btfsc STATUS,Z 
bra utt3 
reall usbtxchar 
bra usbtxtextl 
utt3: reall usbtxchar 
| return 


waitusbrx: call usbreceive 
movlb 0 
tstfsz indatalen,1 
bra wuxl 
bra waitusbrx 
wuxl: movf fromusb,W,1 
return 


setpic: clrf PORTS 
movlw b'00001111° 
| movwf ADCON1 


#include USBlib ;For USB input/output. 
Template selector 
configi b*0000001000111000' #Pull speed 48Mhz USB, Fosc = 16Mhz, Selectable Library | Load Template 
7 Use 4Mhz crystal. = j 
org 0x1200 CONFIG! ~ |0000 0010 0011 1000 
goto start 7goto to start of programme memory 7654 3210 7654 3210 


return 70x1220 usbsend [OK] return point 


return 70x1222 usbsend [Buffer Full) return point Power Up Timer Disabled 
return 70x1224 usbreceive [Is Data] return point 
return 30x1226 usbreceive [No Data] return point Brown Out Reset En-Had2 ~ Il w 
Watchdog Ti Disabled 768 ov 
start: call setpic . ash Bd nas 


WRITE YOU OWN CODE HERE.........- 


18F PICs 


Osoilator XTPLL - 


C2 MLR » H + Dg + RBS wv 
C4 RE6/7 ~ XD ~ HVP ~ SOR w 


stop: goto stop 

| Block EB 3210 
textmsb equ 0x17 Code Protection 00 ~ 0011 ~ 
fromusb equ 0x7c 7Not in access memory - use banked memory BSR = 0. Wate Bren 600 foot -~ 
tousb equ 0x7D Read Protection 00 ~ O011 w 


1=Nomal 0 = Protected 
CONFIG SET BY TEXT 


Low voltage verty 
3vots ~ 


jArrives W=LSB. textmsb set by user. 


7Read memory into TABLAT then inc. 
Move read data into W. 

7Set z flag if W is zero. 

7Bit test skip if z clear. 

;Exit if char received = 00h. 
7Send text to serial port. 


7Send 00h to PC as end marker. 


7Set bank select register to zero. 
;Test indatalen, skip if it is zero. 
7I£ not zero = is data received. 

7If zero = no data received. 

7Data byte is in fromusb - move into W. 
7Data in W, z flag set if 0x00. 


clrf TRISB 
return 
END 
Dadatice Check dgts = 2359x16 20 AMBB Selectable Library 
] (Password ] (Noma)  PICT&F2450 ~  Setaltatusurknown 0012 aie — rr 
i A Ree a — — Seas 
|Load || Save | Write Test PIC | Run Test PIC | & a 
L = (on 
COM7 ~ | Start Simulator | Heaing | © P928/P921 
a) —— GPIC20/28 
End of mem = 126E New code not written to PIC Serial status unknown 


Listing.1: Programming interface and demonstration screen for PIC assembler version 
BSPWA_18F v9.50 from Brunning 
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It works remarkably well, as long as the 
PC controls the PIC, and the USB receive 
routine is regularly called by your program 
code to keep the USB link active. Brunning 
suggests calling the routine at least once 
every 0.5 seconds. Although my experiments 
show that longer is possible. This is ideal for 
projects of simple-to-medium complexity, 
where, for example, you might regularly send 
a byte of data from your PC instructing the 
PIC to perform a short routine, such as set the 
state of PORTB. 


Fig.1. Setting the state of PORTB 


‘Easy USB’ example 

The PIC reads a byte sent form the PC, the 
output is set accordingly, and the program 
returns to regularly calling the USB receive 
routine and waiting for the next instruction. 

A simple PC to PIC Easy USB example 
to turn on four LEDs attached to PORTB, is 
shown in Fig. 1. 

The minimum Visual C# code, minus 
any error checking or exception handling is 
given in Listing 2. 

The corresponding PIC assembler code is 
outlined in Listing 3 (see software panel). 


‘Easy USB’ limitations 

Timing may become a problem for more 
complex projects, such as my proposed 
telescope driver circuit, where for example, 
the PC will ultimately issue an instruction 


to ‘Go to’ a given position and take several 
seconds to get there. I used stepper motors 
to slew the telescope and encoder feedback 
for position control. 

Imagine that to slew from ‘A’ to ‘B’ 
requires the stepper motor to gently ramp up 
to a certain speed, ramping back down as it 
approaches the desired position and finally 
stopping when the encoder count matches 
the requested position. Depending upon the 
length of slew, this will take several seconds. 
During this period, calling the USB receive 
routine will have been neglected. 

So what is the solution? Placing the USB 
receive call in the delay between motor steps 
is perfectly possible, but how long does 
calling the USB receive routine actually 
need, will it take longer than the required 
delay and is this equal for all PC’s? It would 
probably be fine if timing or counting were 
not important. 

However, I need to monitor encoder counts 
during the motor routine. Using interrupts is 
an option, but can get complicated, and I 
prefer avoiding this where possible. 

The difficulty is partly due to the structure 
of the USB PIC compared to a PIC with a 
standard USART, with the latter being 
controlled by the PIC itself. The USB PIC 
is effectively two PICs in one. 

Fortunately, Brunning Software’s 
Experimenting with Serial Communication 
book contains a simple solution for more 
complex projects, or projects where timing 
is critical. It is simply to use a PIC 18F2450 
as a USB-to-USART converter. A circuit 
diagram is provided and BSPWA contains 
a built in template that can be loaded, 
compiled and written to the PIC, without 
you even having to type a line of code. 


USB-to-USART converter 
example 

The converter’s USART can connect to any 
other PICs USART. In fact, you can connect 
up to 10 PICs to the single USB\USART 
converter, thus introducing the concept of an 
addressable communication bus where all 
PICs receive the same instruction, but only 
PICs programmed to accept a particular 


TELESCOPE DRIVER CONTROL SYSTEM 


This is not primarily an astronomy article. 
It describes my efforts (work in progress) 
to use PIC and PC programming to design 
my own drive system with the ultimate 
aim of being able to click on a star chart’s 
object displayed on the screen, resulting in 
my telescope slewing to that position and 
then continuing to track that object, while 
awaiting the next instruction. 

Yes, I know there are many commercial 
telescopes that can interface to your PC, phone 
or iPad and do it all for you, but that’s not the 
point. I must admit the concept of using such a 
device actually mounted on my telescope also 
doubling up as a ‘finder scope’ has a certain 
appeal, but I’d like to achieve something 
similar myself. Satisfaction aside, projects that 
you produce and build yourself can easily be 
modified, improved and added to later. 

I’ve always had an interest in astronomy, 
as well as electrical/electronic and mech- 
anical engineering. This led me, a few years 
ago, to build a Newtonian telescope with an 
8-inch primary mirror. It was a Dobsonian 


design built from plywood and manually 
manoeuvred. 

Optically it functioned well, but I tired of 
the constant ‘nudging’ it required to track the 
object being observed while our earth rotated. 
Hence, I stripped out the optics and fabricated 
an equatorial open fork mount capable of 
tracking an object and being driven. It’s shown 
in Fig.3 and I still use it today. 

The triangular base contains a set of re- 
chargeable NiCad batteries and the drive 
electronics. It has a hand controller that plugs 
into the base with four buttons for slewing 
and a 20-turn trimpot for fine control of the 
drive rate. It uses PWM to produce the right 
ascension (east/west) motor drive rate with a 
small tacho generator on the end of the motor 
shaft for speed feedback. Two gearboxes 
reduce the speed several hundred times, 
finally driving a Imm shaft pushed between 
two closely positioned rollers by a spring- 
loaded bronze plunger, as shown in Fig.4. Via 
friction, this drives the larger aluminium disc 
to which the fork mount and actual telescope 
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instruction act on it, see Fig.2. Now that 
PICs are so reasonably priced, it’s a 
wonderful method to use for a complicated 
project. 

The main advantage of this method 
code-wise, is that because the PIC directly 
controls its own USART you can simply 
test the peripheral interrupt register (PIR1) 
by checking the state of the USART Receive 
Interrupt Flag (RCIF) to see if data has been 
received. If RCIF = 1, then the receive buffer 
is full; if RCIF = 0 the buffer is empty. So, at 
any point in your program you can use btfss 
pirl,rcif or btfse pirl,rcif to check if new 
data has been sent by the PC. 

For 16F PICs these instructions take 
1 PIC clock cycle if not true and 2 cycles 
if true. For 18F PICs 3 cycles are taken if 
true if the next instruction is a goto. As this 
whole routine is contained within the PIC, 
then timing is easily controlled. 

In Fig.2, the 18F2450 is the USB\ 
USART converter, programmed using the 
aforementioned option in BSPWA. PIC 
‘A’ and PIC ‘B’ are 16F870s, but could be 
virtually any PIC with a USART. PORTA 
is configured for digital input, PORTB for 
output, and the USARTs are setup for 9600 
baud rate, as shown in Listing 4. 

Reconsider the application shown in 
Fig.1, but this time each PIC is programmed 
with a continuous on\off flashing routines. 
Now let us say you wish ‘PIC A’ to respond 
when sent bytes 0x01 and 0x03 (odd bytes), 
but you wish ‘PIC B’ to respond when sent 
0x02 and 0x04 (even bytes). Because we are 
now using the USB\USART converter to 
keep the USB link active, the PIC routines 
can flash the LEDs indefinitely, but respond 
to a change command at any time. 

The Visual C# code remains unchanged. 
The PIC code will alter slightly for each PIC. 


Both ‘PIC A’ and ‘PIC B’ need to include 
the routines contained in Listing 5. 


The programme code for ‘PIC A’ is 
contained in Listing 6. 


The programme code for ‘PIC B’ is 
contained in Listing 7. (See software panel). 


Fig.3. The author’s current telescope 


are fitted. A second DC motor and gearbox 
drive a worm and wheel gear to adjust the 
declination (north/south) axis shown in Fig.5. 
In other words, it’s manually set up and 
operated but when aligned correctly will track 
a celestial object keeping it in the eyepiece for 
several hours without adjustment. 
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Computer control 

For my computer control project I’ve 
decided to utilise parts I already had. 
To date, I’ve built a tube assembly and 
focuser based on a 16-inch mirror. The 
primary mirror cell, together with the 
head containing the secondary mirror 
and focuser can be easily removed for 
transport. The combined assembly is 
shown in Fig.6. 

also have a couple of rather interesting 
heavy-duty 5-pole stepper motors rated 
at 5V 1.25A. The step angle is 0.72 deg 
or 0.36 if half stepped, see Fig.7. The 
encoders are 5V, 600 pulses/rev, the dual 
channel incremental variety, see Fig.8. 

I'd always felt computer control of 
anything was way beyond my ability 
and a ‘trade’ I'd be unlikely to learn. But 
along the way I gained interest in ‘DIY’ 
software development having purchased 
a training package from Brunning 
Software. I also enrolled on a superb Java 
evening course at my local Technical 
College. 

I was hooked, realising the possibilities 
that lay ahead, the prospect of controlling 
items that I had the ability to manufacture. 
Brunning Software books and training 
courses are like nothing else I’ve read. 
These books teach you how to produce 
really useful applications from totally 
practical experiments. 

As I continued to experiment with 
PICs, a flyer arrived in the post from 
Brunning Software, advertising a new 
training course Experimenting with Visual 
C# and explaining serial communication 
between PC and PIC. This was something 
I'd always struggled with, but it was 
beautifully presented by Peter Brunning. 
I don’t believe Peter ever writes about 
anything unless he has actually done it 
himself; a truly important point worth 
emphasising. 

I was further inspired and could see a 
way towards achieving my original aim. I 
made a decision to produce the telescope 
tube and optical assemblies first in order 
to prove the telescope would perform 
optically. Until this was correct there was 
no point continuing. I also figured that I 
should develop the drive control before 
building the actual telescope mount, as 
the design of the latter would largely 
depend upon the former 
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LED1 AND LED2 


The PC aspect 

So now that I have a means of achieving 
PC to PIC communication, how should 
I go about gathering and sending the 
relevant data from my PC to a PIC? 
I could write a C# application to 
manually enter coordinates from a 
star chart and then send them to the 
PIC. However, there is plenty of star 
chart software available that already 
has built in capability to interface with 
commercially produced _ telescopes. 
Meade is one such scope manufacturer. 
Several years ago I purchased some 
software, Graystel Star Atlas (although 
there are many others) that has an option 
for interfacing to the Meade LX range of 
telescopes, see Fig.9. 

Meade also publish their telescope 
communication protocol and it can 
be downloaded at: www.meade.com/ 
support/LX200CommandSet.pdf 


Fig.2. USB to USART circuit diagram. Where all PICs receive the same instruction, only those programmed to accept a particular instruction act upon it 
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So this takes care of the PC end of the 
task quite nicely. 


On the chart 

Prior to interfacing a telescope to a star 
chart application, it is typical to ‘setup’ the 
telescope first. Traditionally, this involves 
accurate polar alignment, followed by 
pointing the scope at one, two or even 
three known objects and ‘telling’ the scope 
where it is, normally ‘loading’ the relevant 
coordinates from a table of pre-stored 
objects from the telescope firmware. 

In my case, this would be in PIC program 
memory. Technically, misalignment can be 
compensated for in software, but simpler is 
better, at least to begin with anyway. 


Celestial coordinates 
It would probably help at 
this stage to briefly (but 
not fully) explain celestial 
coordinates. Just for a 
moment envision that our 
earth is a sphere within a 
much larger sphere. From 
the surface of our earth 
we gaze across a void to 
the inner surface of this 
far larger sphere. Imagine 
that this distant surface is 
not only peppered with 
the stars that we see, but 
marked with a grid system 
similar to our latitude and 
longitude. 


Fig.6. The new 16-inch telescope tube assembly 


Now further picture 
that this distant 
surface is fixed in 
position while we, 
the earthbound 
observer, reside at 
its centre, rotating 
about our polar axis. 
Over and above this, 
now consider _ that 
our earth’s polar axis 
is inclined at 23.5 
degrees to the plane of 
our orbit. Hopefully, 
Fig.10 will help. 

Visualise the earth’s 
equator projected out 
on to the surface of our 
imaginary sphere and 
this line will become 
the celestial equator 
in Fig.10. How much we observe above or 
below the celestial equator relates to our 
latitude, the date and the time. 

The elevation of a star, Point X in Fig.10, 
is called declination (DEC) and has a 
positive value above the celestial equator 
and a negative value below. Much like 
the Greenwich meridian was chosen to 
represent our zero reference for longitude, 
the first point of constellation Aries (point Z) 
was selected as the celestial zero reference 
and is represented in Fig.10 by the meridian 
line from point Z to the northern celestial 
pole. The angle between the celestial zero 
meridian and the meridian of star X is called 
right ascension (RA). RA is measured in 
hours, minutes and seconds (0 to 23:59:59), 
from the first point of Aries eastwards along 
the celestial equator. DEC is measured in 


Fig.7. Heavy-duty 5-pole stepper motor 
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Fig.5. A DC motor and gearbox drive a ‘worm’ and wheel gear 
to adjust the north/south axis 


(+/-) degrees, minutes and seconds from 
+90 through 0 to —90. 


Position control 

Fig.11 represents (for clarity) a six-pulse 
dual-channel encoder, with Channel ‘A’ 
shown in red and Channel ‘B’ in blue. 
For six pulses there are 6x4=24 points at 
which each channel changes state. It’s fairly 
straightforward for a PIC to count these 
changes. 

For direction indication, the best method 
with a PIC is probably to make use of 
the encoder quadrature signals. This is 
achievable because Channel B’s output 
is offset in comparison with Channel A’s 
output. For clockwise rotation comparing 
AB, the output sequence is 00, 10, 11, 
O01 etc. For anticlockwise rotation, the 
AB output sequence is 00, 01, 11, 10 etc. 
Multiply these sequences of four conditions 
by the number of encoder pulses to give the 
total number of condition changes/rev, 24 
again. 

If you XOR the current value of channel 
A with the previous value of channel 
B (or vice versa) the result will always 
equal 0 for clockwise rotation, and equal 
1 for anticlockwise rotation. Therefore, it’s 
possible to use the same code to both count 
pulses and check direction. There was a 
useful article on the subject of encoders 
in EPE May 2009 entitled Microstepping 
Four-Phase Unipolar Stepping Motor 
Driver, by Mark Stuart. 


Listing 8, the PIC assembler code, can 
be used to detect direction and count pulses 
based on connecting channel A to PORTA,O 
and channel B to PORTA,1. 


Fig.8. The rotary encoder 
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Fig.9. Author’s Graystel Star Atlas link to Meade LX range of 


telescopes 


Precision 

The accuracy of my proposed system involves 
many items including mechanical tolerances, 
telescope alignment, star chart precision and 
encoder resolution. Additionally, there are 
astronomical variants, including precession 
and nutation (which affect the earth’s axis 
of rotation) and atmospheric refraction 
(consequentially causing celestial objects 
to appear in slightly different positions than 
expected, much as a rowing oar appears to 
‘bend’ where it enters the water). Due to 
these variations and other perturbations, star 
charts are updated every 50 years. Our current 
published charts are for epoch (moment in 
time) year 2000. 

My encoders have 600 steps/rev. As 
per Fig.11, I receive 4x600 = 2400 state 
changes/rev. Full coordinate precision 
for DEC (declination) requires 360 deg 
x 60 minutes x 60 seconds = 1,296,000 
increments, while RA (right ascension) 
requires 24 hours x 60 minutes x 60 
seconds = 86,400 increments. 

Some very large numbers, but typically 
DEC is just given in degrees and minutes, 
so 360 x60 = 21,600 increments. RA 
is given in hours, minutes and tenths 
of minutes, so 24 x 60 x 10 = 14,400 
increments. Therefore, I will need to gear 
up the encoders x9 for DEC and x6 for RA, 
although this multiplier could be reduced 
for the DEC based upon the fact that you 
will never need to go above 90 degrees or 
below the horizon. 

Gearing up encoders is not something I 
relish, so perhaps more thought is called 
for? The Graystel and the Meade protocol 
‘combination’ dictate that I use the lower 
precision option. 

The Meade command set includes many 
instructions, but the most useful and relevant 
to the Graystel application I am using are: 


From the Meade protocol:- 
# is the command termination character. 


:GD# equals “Get telescope declination” 
and returns sDD*MMz#. s = +ve or —ve. 

:GR# equals “Get telescope RA” and 
returns HH:MM.T#. T = tenths of a degree. 


:SdsDD*MM# equals “Set target object 
declination to...” and returns 1(dec accepted) 
or 0 (dec invalid). 


:SrHH:MM.T# equals “Set target RA to 
..” and returns 1(valid) or 0 (invalid) 


42 


NORTHERN 
CELESTIAL POLE 


:MS# equals “Slew 
to target object” and 
retuns OQ (Slew is 
possible), 1<string># 
(object below horizon). 


:TQ# equals “Select default tracking rate” 
and returns nothing 


To discover exactly what output Graystel 
produced, I simply looped the Com Port 
used by Graystel back into a different Com 
Port and read the result in Hyperterminal. 
Graystel offers two particularly relevant 
options; Track and Goto. In Tracking mode 
there is a continuous output of #:GR# 
:GD##:GR# :GD##:GR# :GD##:GR# 
etc. At any time you may click on the 
chart followed by a Goto command and 
the coordinates represented by the mouse 
click will be sent to the Com Port, eg #:Sr 
13:24.6# :Sd +54*56# :MS# :TQ# 

Now knowing the output format, code can 
be written to instruct the PIC. Remember 
that the ‘#’ command is the termination 
character, so this can be used to return to 
the beginning of the routine. A ‘#’ is always 
followed by a ‘:’ but this could be followed 
by either a ‘G’, ‘S’, ‘M’ 
or “T’. A ‘G’ can only 
be followed by an ‘R’ 
or a ‘D’. An ‘S’ can 
only be followed by an 
‘r’ or a ‘d’. Therefore, 
the code can branch 
accordingly. 

The branching code 
for a PIC 16F877 (PIC 
and USART setup as 
per previous examples) 
is given in Listing 9. 

The star chart 
application can then 
‘interrogate’ the 
telescope to read it’s 
position by continually 
sending the following 
sequence #:GR# 
:GD##:GR# :GD# etc. 
#:GR means “get RA” 
and expects a return 
of HH:MM.T#:, GD 
means “get DEC” and 
expects a return of 
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Fig.10. Celestial coordinate ‘globe’ 


on the screen and track movement of the 
telescope redrawing the chart as necessary. 
So in this mode the star chart displayed on 
your PC screen functions as a viewfinder. 
See Fig.12. 


Sending data from PIC to PC 

To send data from the PIC to the PC simply 
involves moving the byte to be sent into 
the working register and then calling the 
USART transmitting routine. This can be 
found in Listing 10. 


Summary and conclusions 
Microchip fans can use the MPASM 
assembler if desired. Any code written for 
BSPWA will also compile in MPASM, 
but obviously only BSPWA is capable of 
writing the embedded ‘Easy USB’ code to 
the PIC. 

BSPWA can also load hex files produced 
by other applications. BSPWA also includes 


CHANNEL A = RED 
CHANNEL B = BLUE 


Fig.11. Stepping sequence wheel representing a six-pulse 
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Everyday Practical Electronics, November 2012 


3 GrayStel Stor Atos 3s EASTLEIGH Lat: +5047 Loni 00128 ARE 38. 


@DCHEER 5 


Fig.12. Screen star chart functioning as a viewfinder 


useful collections of selectable libraries for 
delays, reading keypads, writing to LCDs 
and setting up the USART. In addition, find, 
replace and compare functions complement 
the text editor. 
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Graystel is rather an 
old application and I’ve 
not yet been able to run 
it correctly on anything 
higher than Windows 
2000, but then does 
this really matter? 
For the time being, its 
main advantage for 
me is that it holds no 
requirement to ‘know’ 
that a telescope is 
actually connected. 
There are more up-to- 
date, fuller featured 
applications, some of 
which are free, but 
I’ve discovered most 
supporting the Meade 
protocol require some 
form of handshake 
between PC and scope, or they interface via 
third party drivers. 

Graystel makes no such demands, so for 
proving the principle it will suffice for now. 
Graystel only offers connectivity via Com 


Software 


ports 1 to 4, but Windows 2000 does support 
the USB PIC driver supplied by Brunning 
Software. Consideration must be given 
to the number of USB ports previously 
assigned to devices in order that the USB/ 
USART converter is not assigned a Com 
port greater than 4. 

Easy USB is so simple for the end user. If 
you have ever researched USB interfacing 
or tried using any third party DLLs, its 
complexity somewhat deters you. After all, 
for PIC-based projects you are only really 
interested in the basic serial aspect of USB. 
Easy USB simply provides the necessary 
entry and exit points. 

Note how much additional time is added 
to the write process when the USB library is 
included (up to memory location 0x11FF) in 
your code. You will appreciate just how much 
work Brunning Software put into developing 
this superb ‘behind-the-scenes’ product. 

Experimentation, investigation and 
research to date favour my chances of being 
able to further develop this project, though 
doubtless I shall encounter many more 
obstacles. 


Space does not permit the inclusion of the software files in this review/article. Therefore, all relevant software code/files 
referred as ‘Listings’ will be posted on the website at: epemag.com in the free download section. 
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REVIEW ... 


PicoSCoPeE 3406B 
PC OSCILLOSCOPE 


by Robert Penfold 


‘Of the various devices | have 
reviewed over the years, this 
is the most expensive, but it is 
also the most impressive.’ 


OQ DOUBT many EPE readers 

will already be familiar with 
Pico Technology and their interfaces 
that effectively turn PCs into storage 
oscilloscopes. The Pico 3406B unit 
reviewed here is part of their 3000 
series, and it is the most advanced unit 
in this range. 

The 3000 series have two or four- 
channel capabilities, with a sampling 
rate of 1GS/s (1000 million samples per 
second) and 8-bit resolution. Depending 
on the model concerned, the bandwidth 
is 60, 100, or 200MHz. The amount of 
storage varies from four million samples 
in the base unit to 128 million samples 
at the top of the range. 

All 3000 series interfaces have a built- 
in function generator, and those with 
a ‘B’ suffix to the model number also 
have an arbitrary waveform generator. 
The 3406B therefore has a bandwidth of 
200MHz, enough memory to store 128 
million samples, and both function and 
arbitrary waveform generators. 


In the box 


The unit is housed in a very tough 
blue and grey plastic case that is quite 


PrcoScope USB Orcitoxcope 


The complete Pico 3406B package 
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compact at about 19cm x 17cm x 3.5cm. 
There are six BNC connectors on the 
front panel, which are the inputs for 
channels A to D, an external trigger 
input, and the output socket for the 
waveform generators. 

There is also an indicator light that is 
red if the unit is powered up, but not 
in contact with the controlling software, 
and switches off when the unit is 
inactive but detected by the software. It 
goes green or flashes green if it is active 
and in contact with the controlling 
program. 

Just above the indicator light there 
is a terminal that provides a high 
quality 1kHz squarewave output that 
can be used for probe compensation 
adjustments. The probes supplied with 
the unit are supplied pre-adjusted and 
ready for use. Presumably, this signal 
could also be used as a general-purpose 
test type. The rear panel has an input 
socket for a mains adapter, a USB port, 
and an earthing (ground) terminal. 

As listed below, the package 
contains everything most users will 
require, although a couple of extra 
test probes would be needed if the 
unit was used with 
all four channels, 
external triggering, 
and one of the 
built-in waveform 
generators. As 
usual these days, 
the only printed 
manual —_ included 
is a multi-language 
Quick Start Guide 
that describes the 
installation process. 


e Mains adapter 
e Single USB lead 


e Twin USB lead 


The Pico 3406B comes complete 
with the following accessories: 


e Software installation guide 
e Software and Reference disc 
e Four x1/x10 test probes 


The program has the usual built-in Help 
system of course, and some online help 
is also available. 


Getting connected 

The unit connects to the host PC via a 
standard A-B USB cable of the type used 
with printers and scanners. The power 
required for its high-speed circuitry is 
more than a USB port can provide, so 
it is powered from an external regulated 
5V mains-powered plugpack. This 
comes complete with various adapters 
that should enable it to plug into mains 
outlets just about anywhere in the 
world. 

Alternatively, it can be powered from 
the host PC using a twin USB cable 
so that power can be obtained from 
two USB ports. This method will only 
work with USB ports that can provide 
a full quota of power. The ports on non- 
powered hubs and some portable PCs 
will not suffice. For the purposes of this 
review I used a mains adapter as the 
power source, which past experience 
with this type of thing suggests is likely 
to be a more reliable method. 

I used a PC running Windows 7 for 
this review, but the supplied software is 
compatible with Windows XP and Vista 
as well. The hardware requirements 
are not particularly demanding, and 
practically any PC that runs under one 
of the supported versions of Windows 
should be adequate. However, a large 
and fairly high resolution display is 
needed in order to make the most of the 
accompanying PicoScope 6 software. 

On connecting the unit to the PC 
it was recognised by Windows and 
the required driver software was 
automatically installed. 
The version of the 
PicoScope 6 program 
already installed on the 
PC did not recognise 
the 3406B interface, but 
uninstalling the existing 
software and reinstalling 
the Pico 6 _ software 
supplied with the 3406B 
cured this problem. The 
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program installed in standard Windows 
fashion without any problems. 


PicoScope 6 

The PicoScope 6 program does not make 
an attempt at mimicking the control 
panel and screen of a real oscilloscope, 
but instead takes a more conventional 
approach to things. There are menu and 
toolbars at the top of the screen, and a 
control bar at the bottom, but the rest 
of the screen is available for displaying 
waveforms. 

This is perhaps less intuitive to use 
than software that provides a full-blown 
virtual oscilloscope with virtual knobs 
and switches, but it is more practical 
in that it does leave a large screen 
area for displaying waveforms. This is 
important if you need to display (say) 
four waveforms simultaneously in 
separate windows (Fig.2). Also, because 
of its conventional user interface, 
anyone familiar with Windows software 
should have little difficulty in learning 
to use PicoScope 6. 

The menus provide access to many 
of the program’s technical features, in 
addition to standard Windows features 
such as facilities for saving data in 
various graphics formats or a CSV 
spreadsheet, and printing a waveform to 
any installed printer. The upper toolbar 
has a drop-down menu that enables 
the sweep rate to be set at preset steps 
from 2ns to 1000s per division, and this 
increments in the standard oscilloscope 
1-2-5-10 sequence. 


Button up 

There is an Auto Setup button and 
operating this button results in the 
input signal being analysed. After a 
short delay, the program provides what 
it deems to be the optimum settings for 
sweep rate and sensitivity. 

The three buttons on the extreme 
left of this toolbar determine the type 
of display that will be provided. The 
first option provides a conventional 
oscilloscope waveform display, and 
the second one sets the display in 
Persistence mode. In this mode the trace 


produced by the previous sweep is not 
deleted before the next trace is added. 
With a changing waveform this results 
in a complex display building up. 
This is rather like the display 
produced using a conventional 
oscilloscope equipped with a 
long persistence tube. 

The third button turns the unit 
into a frequency-based instrument, 
and it is then primarily a spectrum 
analyser. Various maximum frequencies 
from 100Hz to 200MHz are available 
in this mode via a drop-down menu 
that replaces the one for setting the 
sweep rate. A fourth button enables the 
frequency-based mode to be set up in the 
required fashion. You can select linear 
or logarithmic scaling for example. 


Panning and zooming 

The buttons in the right-hand section 
of the upper toolbar provide panning 
and zooming facilities for the display. 
One of these enables the view to be 
zoomed in the horizontal plane by a 
factor of 2, 4, 8, 16, and so on, up to 
a maximum of 512. This is essentially 
the same as the X expansion control 
on a conventional oscilloscope, albeit 
with rather more expansion available 
than when using the conventional 
equivalent. Normal Windows style pan 
and zoom controls are also available, 
including the type where you drag a 
rectangle around part of the display, 
and then that area is the zoomed to fill 
the display area. 

A thumbnail view of the complete 
waveform is displayed when a zoomed 
view is selected, and this shows a 
rectangle around the zoomed part of the 
waveform (as in the bottom display of 
Fig.3). It is possible to pan the display 
by simply dragging this rectangle using 
the mouse, and the extents of the display 
can be changed by dragging the edges of 
the rectangle. 

The lower toolbar is primarily 
concerned with enabling or disabling 
each of the four channels, and setting 
the sensitivity of any channel that 
is operational. A range of full-scale 


Front panel layout for the PicoScope 
3406B 


sensitivities from +50mV to +20V are 
available via drop-down menus, and 
these have increments in the usual 
1-2-5-10 sequence. On all inputs the 
maximum safe input potential is 
20V, although this can effectively be 
increased to 200V by using the probes 
in the x10 setting. 

There is an Auto option for each 
channel, and this sets the sensitivity as 
high as possible without clipping the 
waveform. Small drop-down menus 
enable the channels to be individually 
set for AC or DC operation. 


Starting line 

The control bar along the bottom of 
the screen provides various trigger 
options. There are on and off buttons, 
plus buttons and menus that provide 
options such as triggering on the rising 
or falling edge, auto, repetitive, and 
single-sweep operation. Any active 
channel can be used to provide the 
trigger signal, and external triggering is 
also available. A range of trigger levels 
is available. 

The timebase can be set in free- 
running mode with no synchronisation, 
and there is also an automatic mode 
where the software selects whichever 
type of triggering it deems most 
appropriate for the characteristics of the 
input signal. 

Multiple display windows are 
supported, and each window can 
display something different. For 
example, a conventional dual-trace 
display can be obtained by having 
separate display windows for channels 
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Fig.1. The PicoScope 3406B operating with twin traces in 
separate windows. The lower trace is produced from the 
same signal as the upper one, but it has been filtered using 


the built-in low-pass filtering 


Fig.2. It is possible to have multiple windows with each one 
showing a different signal, or operating in a different mode. 
The bottom right-hand window is using the X-Y mode to 


display a Lissajous figure 
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Fig.3. The bottom window is showing a zoomed view. 
The thumbnail view in this window can be used for 
panning and altering the level of zooming 


A and B, with the channel A window 
above the one for channel B, as in Fig.1. 
The two traces can be shown in a single 
window if preferred. 

More elaborate setups can be used if 
required. It is permissible to have (say) 
waveform displays in three windows 
and a spectrum analyser display type 
in a fourth window, which is the 
arrangement used in Fig.2. A window 
that is in Scope Mode can be set for 
X-Y operation, so that Lissajous figures 
can be produced (bottom right-hand 
window in Fig.2). 

There is a new feature that enables 
lowpass filtering to be applied to the 
displayed signal. The cut-off frequency 
can be set between 1Hz and 500MHz. 
Presumably, the filtering is provided 
by digital signal processing rather than 
in hardware, and it seems to be very 
effective. 

Of course, with oscilloscopes it is 
normally maximum bandwidth that 
is required, so that waveforms are 
displayed as faithfully as possible. 
However, it can sometimes be useful 
to remove high frequency noise from 


underlying waveform 
can be seen more clearly. 
In Fig.1 the upper trace 
is 50Hz mains ‘hum’, 
and the lower trace is the 
highly ‘cleaned’ version 
of the same signal. 


Making waves 

The button at the right- 
hand end of the lower 
toolbar brings up a 
dialogue box that offers 
a number of output 
waveforms including 
sine, square, triangular, 
two types of ramp, and 
white noise. A range 
of output frequencies from 0.03Hz to 
1MHz can be provided. Optionally, the 
output frequency can be swept up or 
down. 

As one would probably expect, 
with some waveforms the quality of 
the output signal reduces somewhat 
at higher frequencies. However, the 
quality of the squarewave signal is 
quite good at 100kHz, and the sinewave 
quality is excellent even at 1MHz. The 
output level can be set at various levels 
from 2V peak-to-peak down to 1mV 
peak-to-peak. 

Opting for the arbitrary waveform 
generator brings up the new window 
of Fig.4, where there are various 
ways of producing the waveform to 
be synthesised. An input waveform 
can be copied, a CSV spreadsheet 
can be used as the source, you can 
draw the waveform, or a standard 
waveform can be selected and then 
modified. In Fig.4, I have used this 
last method using a sinewave signal 
as the starting point. It is possible 
to use the oscilloscope and signal 
generator functions at the same time, 
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Fig.4 (left). Using the 
waveform generator 
it is possible to prod- 
uce any desired 
waveform. In this 
example a sinewave 
signal was used as 
J the starting point, 

and some clipping 
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Fig.5 (right). It is 
possible to use the built- 
in waveform generator 
and the oscilloscope 
section simultaneously. 
Here the scope is being 
used to show the 
output signal from the 
waveform _ generator, 


which is producing the 
waveform design of 
Fig.4 
Saiteioe nae aS 
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Rear panel sockets and ground terminal 


and in Fig.5 the waveform design of 
Fig.4 has been captured on channel A 
of the oscilloscope. 

There are other useful features to 
the program, and it is possible to use 
the maths functions to display such 
things as channel A plus channel B, 
channel A minus channel B, or an 
inverted version of a channel. It is 
also possible to add various types of 
measurement bar at the bottom of a 
window. These can show things such 
as frequency, RMS voltage, rise-time, 
and fall-time. 

Anyone contemplating the purchase 
of a Pico unit would be well advised to 
download the demonstration version 
of PicoScope 6 and to explore its many 
possibilities. 


Conclusion 

The PicoScope 3406B performed as 
claimed by the manufacturer, and 
the PicoScope 6 software ran without 
problems during the test period. They 
come from a company that has a proven 
track record in this field, and one would 
probably not expect anything less than 
this. 

Anyone buying this impressive piece 
of hardware and excellent software 
should be well pleased with them, and 
the PicoScope 3406B can certainly be 
recommended. 

Although it is at the top of the 3000 
series, it is an upper mid-range unit in 
the various ranges of PC oscilloscopes 
offered by this company. At £1349.00 
excluding VAT it is certainly not cheap, 
but for a unit with such a large buffer and 
200MHz bandwidth it is competitively 
priced. 

One of the other PicoScopes would 
probably be a better choice, unless 
you really need everything that the 
3406B has to offer. For example, the 
3404A with its smaller buffer, 6(0MHz 
bandwidth, and no arbitrary waveform 
generator is less than half the price of 
the 3406B. 

If you do need its range of facilities the 
PicoScope 3406B will not disappoint. 
Of the various electronic devices I 
have reviewed over the years it is the 
most expensive, but it is also the most 
impressive. 

For more information contact 
Pico Technology Ltd, James House, 
3 Marlborough Road, Colmworth Bus- 
iness Park, Eaton Socon, St Neots, 
Cambridgeshire, PE19 8YP, Tel: 01480 
396395, Fax: 01480 396296, Email: 
sales@picotech.com. More information 
and demonstration software is available 
from the Pico web sites at: www. 
picotech.com 
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PIC Training Course 


—— 


P931 Course £148 


The control PIC of our programmer has two modes of operation, its normal 
programming mode, and a USB to USART mode. Programme your PIC in the 
usual way then flip the red switches and your PIC can use the control PIC as a 
serial link to your PC. All designed to make the learning process as straightforward 
as possible. We have also reduced the component count and lowered the price. 


The course follows the same well proven structure. We begin learning about 
microcontrollers using the incredible value 18 pin PIC16F1827. At the heart of 
our system are two real books which lie open on your desk while you use your 
computer to type in the programme and control the hardware. Start with four 
simple programmes. Run the simulator to see how they work. Test them with real 
hardware. Follow on with a little theory..... 


Our PIC training course consists of our PIC programmer, a 318 page book 
teaching the fundamentals of PIC programming, a 304 page book introducing the 
C language, and a suite of programmes to run on a PC. Two ZIF sockets allow 
most 8, 18, 28 and 40 pin PICs to be programmed. The programming is performed 
at 5 volts then verified at 5 volts and 2 volts or 3 volts. 

P931 PIC Training & Development Course comprising 
USB powered 16F and 18F PIC programmer module 
+ Book Experimenting with PIC Microcontrollers 
+ Book Experimenting with PIC C 6th Edition 
+ PIC assembler and C compiler software on CD 
+ PIC16F 1827, PIC16F1936 & PIC18F2321 test PICs 
+ USB Cabl@scsicsihisscvcsticseectesinnre dna Oi . £148.00 
(Postage & insurance UK £10, Europe £20, Rest of world £30) 


Experimenting with PIC Microcontrollers 


This book introduces PIC programming by jumping straight in with four 
easy experiments. The first is explained over seven pages assuming 
no starting knowledge of PICs. Then having gained some experience 
we study the basic principles of PIC programming, learn about the 8 
bit timer, how to drive the liquid crystal display, create a real time clock, 
experiment with the watchdog timer, sleep mode, beeps and music, 
including a rendition of Beethoven’s Fur Elise. Then there are two projects 
to work through, using a PIC as a sinewave generator, and monitoring 
the power taken by domestic appliances. Then we adapt the experiments 
to use the PIC18F2321. In the space of 24 experiments, two projects 
and 56 exercises we work through from absolute beginner to experienced 
engineer level using the very latest PICs. 


Experimenting with PIC C 


The second book starts with an easy to understand explanation of how 
to write simple PIC programmes in C. Then we begin with four easy 
experiments to learn about loops. We use the 8/16 bit timers, write text and 
variables to the LCD, use the keypad, produce a siren sound, a freezer 
thaw warning device, measure temperatures, drive white LEDs, control 
motors, switch mains voltages, and experiment with serial communication. 


Serial Coms Extension £31 


This third stage of our PIC training course starts with 
simple experiments using 18F PICs. We use the PIC to 
flash LEDs and to write text to the LCD. Then we begin 
our study of PC programming by using Visual C# to create 
simple self contained PC programmes. When we have a 
basic understanding of PC programming we experiment 
with simple PC to PIC serial communication. We use the 
PC to control how the PIC lights the LEDs then send text 
messages both ways. We use Visual C# to experiment with 
using the PC to display sinewaves from simple mathematics. 
Then we expand our PC and PIC programmes gradually 
until a full digital storage oscilloscope is created. For all these 
experiments we use the programmer as our test bed. When 
we need the serial link to the PC we flip the red switches to 
put the control PIC into its USB to USART mode. 


In the second part of Experimenting with Serial 
Communications 4th Edition we repeat some of the serial 
experiments but this time we use a PIC18F2450 with its own 
USB port which we connect directly to a USB port of your 
PC. We follow this with essential background study then 
work through a complete project to use a PIC to measure 
temperatures, send the raw data to the PC, and use the PC 
to calculate and display the temperature. 


290 page book + PIC18F245 test PIC + USB lead.... £31 


PICs & Power £69 


Further training including using a PIC to control a motor 
or stepper motor. A general purpose circuit with provision 
to fit one 8, 14, 18, 20, 28 or 40 pin PIC can control four 
loads up to 5A 16v directly, is supplied with an LCD, 
keypad, latest BSPWA PIC assembler with integrated 
library on CD, and 190 page book. This can be connected 
to a P928-x, P931, P942 or P182 programmer. See web 
site for details. 


Ordering Information 


Our P931 & P942 programmers connect directly to any USB 
port on your PC. All software referred to operates correctly 
within Windows XP, NT, 2000, Vista, 7 etc.Telephone for 
a chat to help make your choice then go to our website 
to place your order (Google Checkout or PayPal), or send 
cheque/PO, or request bank details for direct transfer. All 
prices include VAT if applicable. 


Our PIC training system uses a very practical approach. 
Towards the end of the PIC C book circuits need to be built on 
the plugboard. The 5 volt supply which is already wired to the 
plugboard has a current limit setting which ensures that even the 
most severe wiring errors will not be a fire hazard and are very 
unlikely to damage PICs or other ICs. 

We use a PIC16F 1827 as a freezer thaw monitor, as a step up 
switching regulator to drive 3 ultra bright white LEDs, and to control 


the speed of a DC motor with maximum torque still available. A kit 


Web site:- www.brunningsoftware.co.uk 


of parts can be purchased (£31) to build the circuits using the white 


LEDs and the two motors. See our web site for details. 


Mail order address: 


Brunning Software 


138 The Street, Little Clacton, Clacton-on-sea, 
Essex, CO16 9LS. Tel 01255 862308 


Jump Start 


Jump Start 


By Mike and Richard Tooley 


Design and build circuit projects 
dedicated to newcomers, or 
those following courses taught 
in schools and colleges. 


ELCOME to Jump Start — our new series of seasonal 
Wise: and build’ projects for newcomers. Jump 

Start is designed to provide you with a practical 
introduction to the design and realisation of a variety of 
simple, but useful, electronic circuits. The series will have 
a seasonal flavour, and is based on simple, easy-build 
projects that will appeal to newcomers to electronics, as 
well as those following formal courses taught in schools 
and colleges. 

Each part uses the popular and powerful ‘Circuit Wizard’ 
software package as a design, simulation and printed circuit 
board layout tool. For a full introduction to Circuit Wizard, 
readers should look at our previous Teach-In series, which 
is now available in book form from Wimborne Publishing 
(see Direct Book Service pages 75-77 in this issue). 


Each of our Jump Start circuits include the following 
features: 


® Under the hood - provides a little gentle theory to 
support the general principle/theory behind the circuit 


Frost Alarm 


® Design notes — has a brief explanation of the circuit, 
how it works and reasons for the choice of components 


® Circuit Wizard —- used for circuit diagrams and other 
artwork. To maximise compatibility, we have provided 
two different versions of the Circuit Wizard files; one 
for the education version and one for the standard 
version (as supplied by EPE). In addition, some parts 
will have additional files for download (for example, 
templates for laser cutting) 
® Get real - introduces you to some interesting and often 
quirky snippets of information that might just help you 
avoid some pitfalls 
® Take it further - provides you with suggestions for 
building the circuit and manufacturing a prototype. As 
well as basic construction information, we will provide 
you with ideas for realising your design and making it 
into a complete project 
® Photo Gallery - shows how we developed and built 


each of the projects. 


Frost alarm 

In this month’s Jump Start we shall be 
getting ready for the winter months 
with a device that will provide you 
with a useful warning of the imminent 


danger of frost and ice. This handy 


project is invaluable for motorists and 
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gardeners, and could be instrumental 
in avoiding some of the dangers 
associated with freezing temperatures. 


Under the hood 

The Frost Alarm uses several of 
the circuit techniques that we have 
introduced previously in Jump Start, 
notably the use of an operational 
amplifier (op amp) as a comparator 
and the use of a 555 timer as an astable 
oscillator to generate an audible alarm 
signal. 

The simplified block schematic of 
our Frost Alarm is shown in Fig.1. 
The temperature sensing device is a 
small thermistor. Unlike conventional 
resistors, which maintain a reasonably 
constant resistance over a wide range 
of temperature, the resistance of a 
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Fig.1. Simplified block schematic of our Frost Alarm 


thermistor is intended to change 
considerably with temperature. 

Thermistors are widely employed in 
temperature sensing and temperature 
compensating applications. Two basic 
forms of thermistor are available 
according to whether their temperature 
coefficient of resistance is negative 
(NTC) or positive (PTC). 

Typical negative temperature 
coefficient (NTC) thermistors have 
resistances that vary from a few 
thousand ohms at 25°C to a few 
hundreds of ohms at 100°C, as shown 
in Fig.2(a). Positive temperature 
coefficient (PTC) thermistors, on the 
other hand, usually have a resistance- 
temperature characteristic _ that 
remains substantially flat (typically 


Resistance Resistance 


Temperature 
(a) NTC 


Fig.2. Resistance-temperature characteristic for (a) an NTC 


thermistor and (b) a PTC thermistor 


at around 100Q) over the range 0°C 
to 75°C. Above this, and at a critical 
temperature (usually in the range 
80°C to 100°C), the resistance of a 
PTC thermistor rises rapidly to values 
up to and beyond 10kQ, as shown 
Fig.2(b). 

Because of its more linear resistance- 
temperature characteristic, we will be 
using a low-cost NTC thermistor as our 
sensing device in the Frost Alarm. Such 
components are available at reasonable 
cost and they can be easily mounted 
in a small space. The component that 
we have chosen for 
use in the Frost Alarm 
has the temperature 
characteristic shown 
in Fig.3. 


Wheatstone bridge 

The next problem that we need to 
solve is how to convert the change in 
resistance produced by our thermistor 
sensor into a voltage that we can use 
to trigger an alarm. To do this, we have 
chosen a simple Wheatstone bridge 
arrangement in conjunction with an 
operational amplifier comparator 
(see July 2012 EPE, page 49). The 
thermistor sensor will form one ‘arm’ 
of a Wheatstone bridge, as shown in 
Fig.4(c). 


Resistance, kN 


Temperature 
(b) PTC 


t) 
Temperature, °C 


Fig.3. Resistance-temperature characteristic for the NTC 


thermistor used in the Frost Alarm 


Fig.4. Wheatstone bridge arrangement (with a thermistor forming one arm of the bridge). (a) Basic Wheatstone bridge 
configuration; (b) Bridge drawn as two potential dividers and (c) Temperature sensing arrangement 
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Fig.5. Output voltage from the operat- 
ional amplifier comparator stage 


The Wheatstone bridge forms 
the basis of a number of electronic 
circuits, including many that are used 
for instrumentation and measurement. 
In the basic form of the Wheatstone 
bridge shown in Fig.4(a), the voltage 
developed between A and B will be 
zero when the voltage developed 
between A and Y is the same as the 
voltage developed between B and Y. In 
this condition, the bridge is said to be 
‘balanced’. 

The two sets of adjacent resistors, 
R1 and R2 and R3 and R4, each 
constitute a potential divider, as 
shown in Fig.4(b). When the bridge is 
in the balanced condition, the voltage 
dropped across R2 will be the same 
as that which appears across R4. 
Similarly, in this condition the voltage 
dropped across R1 will be identical to 
that dropped across R3. 

From this we can conclude that, 
for balance (and hence zero voltage 
between A and B) to occur, the ratio of 
R1 to R2 must be the same as the ratio 
of R3 to R4. This leads to the bridge 
equation: 


R1/R2 = R3/R4 
From which R2 = R1 x (R4/R3) 


Note that in our Frost Alarm circuit 
R2 is the resistance of the thermistor 
sensing element. 


Design notes 

Our Frost Alarm is to be designed 
so that it produces an alarm signal 
whenever the ambient temperature 


Input from 
comparator 


Amplifier 


Frost Alarm 


Output to 
transducer 


Astable oscillator 


Fig.6. Amplifier and 555 astable oscillator stage 


falls below a critical value (typically 
around 3°C). So, rather than a linear 
output of voltage we need to produce 
a voltage that will change rapidly from 
one level to another whenever the 
resistance of an NTC thermistor falls 
below a pre-determined value. 

The output voltage from the bridge 
is fed to an operational amplifier 
that acts as a comparator, as shown 
in Fig.4(c). The operational amplifier 
has an extremely high value of voltage 
gain, so only a small change in input 
voltage is required to produce a very 
large change in voltage at the output. 

In practice, and assuming that all 
four resistors have approximately 
the same value, the output voltage 
of the operational amplifier will 
swing between two extremes; either 
OV when the thermistor’s resistance, 
R2, is greater than R4, or just less 
than the supply voltage when the 
thermistor’s resistance is smaller 
than R4. Fig.5 shows how the output 
voltage of IC1 falls very rapidly 
when the ambient temperature falls 
below the threshold value (typically 
this will be set at a value just above 
freezing). 

The output from the comparator 
can be used to control a simple 
555 astable oscillator. However, 
in practice, we will require some 
additional amplification and 
shaping due to the inability of a real 
operational amplifier to produce an 
output voltage that changes over the 
full supply range. 

Note that the output of a comparator 
stage based on a real operational 
amplifier neither falls to precisely 
zero nor does it rise to the full supply 
voltage. To overcome this problem 


Vec 
Discharge 
Threshold 
Control 


Pin connections for a standard 555 
timer IC 


we have introduced an additional 
amplifier stage, as shown in Fig.6. 
The output of the amplifier formed 
by transistor TR1 and associated 
components is applied to the Reset 
input (pin 4) of the 555 astable 


A note regarding Circuit 
Wizard versions: 


Circuit Wizard is available in several 
variants; Standard, Professional and 
Education (available to educational 
institutions only). Please note that the 
component library, virtual instruments 
and features available do differ for each 
variant, as do the licensing limitations. 
Therefore, you should check which is 
relevant to you before purchase. Dur- 
ing the Jump Start series we aim to 
use circuits/features of the software 
that are compatible with the latest 
versions of all variants of the soft- 
ware. However, we cannot guarantee 
that all items will be operational with 
every variant/version. 
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Fig.8. The thermistor properties dialogue 


oscillator. The oscillator will be 
enabled when the voltage at pin- 
4 rises to the supply voltage and 
disabled when it falls to zero. This 
effectively starts and stops the astable 
oscillator, sounding the audible 
output when the output (pin 3) of 
the 555 goes high and off when the 
output goes low. 

The 555 astable oscillator circuit 
was described previously in October 
2012 EPE (page 50) so we will not 
waste any space by further describing 
the stage, other than to say that the 
square wave output signal from 
pin 3 is used to drive a low-cost 
piezoelectric buzzer. 


Get real 

The temperature sensing bridge 
that we met earlier can be easily 
tested with Circuit Wizard using an 
arrangement like that shown in Fig.7. 
The NTC thermistor component 
is available from Circuit Wizard’s 
Gallery of components. Click on the 
Gallery tab, then Input Components 
and Sensors and simply drag and 
drop the thermistor into the circuit 
window and _ finally double-click 
on the component in order to set its 
properties, as shown in Fig.8. 


To be able to easily vary the ambient 
temperature of the thermistor we 
can assign a key to it. Simply click 
on the Key field and choose a key 
from the drop down list, as shown in 
Fig. 9. Whenever the key is pressed 
(in this case we have chosen the ‘A’ 
key) the temperature will increase 
by 5°C. Using the ‘Shift’ key together 
with the chosen key (in this case 
‘Shift+A’) the temperature will fall 
by 5°C. This method will allow us to 
experiment with temperatures over 
a wide range. 

Next, we need to select a model 
for the thermistor component. This 
can be done by clicking in the Model 
field and selecting a model from the 
drop down list. Because this is one 
of the most commonly available 
components we have selected a model 
where the resistance of the thermistor 
is 5kQ at 25°C (see Fig.10). 


Temperature simulation 

Fig.11 shows a running simulation 
of the temperature sensing bridge, 
with Circuit Wizard displaying the 
current temperature and resistance 
of the NTC thermistor and the output 
voltage of the bridge. If you use the 
assigned key to vary the temperature 
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Fig.10. Choosing a thermistor model 


range you should obtain values like 
those shown in Table 1. You might like 
to complete this table for your own 
circuit, showing the corresponding 
output voltages from the bridge. 


CIRCUIT WIZARD 


Order direct from us on 01202 880299 


By integrating the entire design process, Circuit 
Wizard provides you with all the tools necessary to 
produce an electronics project from start to finish — 
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construction! 
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Fig.11. (left). The running simulation of the temperature sensing 
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Table 1: Variation of thermistor resistance with temperature 


+30 


sem 
Presson a [5429 | 2897 2575 [m8 [707 | 5:2] 629 | 795 [629 | so | 4m 


R (ohms) 
10.18k 


20 


10 ec 


Frost Alarm - using Circuit Wizard 


S USUAL, we’ll now look at 

putting this month’s Jump Start 
theory into practice to produce a 
working electronic product. Fig.12 
shows our complete Frost Alarm 
circuit. As discussed previously, it 
uses a TLO71 operational amplifier 
IC used to trigger a 555-based astable 
alarm (we looked at these last 
month). D3 (the green LED) indicates 
that the circuit is active, while the 
red LED (D2) and the piezoelectric 
buzzer (BZ1) are driven directly from 
the 555 to sound the alarm when the 
temperature drops below a pre-set 
level. 

Try out the circuit by simulating 
it in Circuit Wizard. Note that, as 
before, we’ve assigned the ‘A’ key to 
the thermistor so that we can easily 
simulate changes in temperature; 
once again pressing ‘A’ to raise the 
temperature and ‘SHIFT+A’ to 
lower it. By varying trimpot 
VR1 it is possible to alter the 
temperature below which the 
alarm will trigger. 


Creating a circuit board 
Fig.13 shows our example 
printed circuit board (PCB) for 
the frost alarm circuit. We’ve 
placed the switch and battery 
connections on the bottom with 
the two indicator LEDs, and the 
thermistor on the top with the 
intention that when orientated 
upright the battery can be run 
below and behind a stand with 
the indicators evenly placed at 
the top of the unit. 


Depending on your intended usage, 
you may wish to mount the PCB 
in a full enclosure; in particular, if 
you intend it for exterior use. In this 
case, ensure that the thermistor is 
positioned such that it can experience 
the ambient temperature. You may, 
for instance need to drill several 
ventilation holes if using a sealed-box 
enclosure. 

For our prototype unit, we’ve used 
a laser cutter to create a snowflake- 
stylised backing board from clear 
acrylic (see Fig.14). We also cut two 
feet to accept the backing board and 
allow it to stand upright. It’s a simple 
but attractive way of mounting the 
circuit that can easily be personalised 
and (when using transparent material) 
shows off all of your handiwork and 
soldering skills. 


Fig.12. The complete circuit diagram of the Frost Alarm 
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1 PCB, code 876, available from the 
EPE PCB Service, size 90mm 
x 56mm 

2 two-way PCB mounting terminal 
blocks 

1 battery clip for a PP3-type battery 

1 9V (PP3-type) battery 

1 SPST switch (SW1) 

1 miniature 6V to 9V piezoelectric buzzer 

2 8-pin IC sockets 


Semiconductors 

1 TLO71 operational amplifier (IC1) 
1 555 timer (IC2) 

1 BZX55C 2.7V Zener diode (D1) 
1 Green LED (D2) 

1 Red LED (D3) 

1 BC548 NPN transistor (Q1) 


Resistors 

1 NTC thermistor (R2) 

4 4.7kQ (R1, R3, R4 and R7) 

2 100kQ (R5 and RQ) 

1 10kQ (R6) 

3 1kQ (R8, R10 and R11) 

1 50kQ PCB mounting preset 
potentiometer (VR1) 


Capacitor 
1 4.7uF radial elect. (C1) 


As the component count increases 
(and particularly when working 
with several integrated circuits) PCB 
designs get rapidly more complex 
and difficult to route. More advanced 
PCB routing software uses complex 


Frost Alarm 


Ojnaie qmut 394s 


Fig.13. Frost Alarm printed circuit board component layout and copper 
track pattern. The final size of the prototype board is 90mm x 56mm 


algorithms to automatically route 
hundreds or thousands of connections 
efficiently. Although Circuit Wizard 
does do a nice job of routing simple 
circuits, it is quickly foxed as you 
look at more complex circuits. In 
reality, rarely is consumer electronic 
design software able to match the 
intelligence and skills of a human 
design engineer. 

If you find trying to create PCB 
layout frustrating then you’re not 
alone. Many electronic students take 


Next month 


a while to hone their PCB design 
skills and it can take a long time at 
first to get a result that you’re happy 
with. Optimising a PCB isn’t just 
about making it look neat. An efficient 
PCB design can help to increase 
component density and reduce the 
physical size of the PCB and hence 
reducing material costs. Good PCB 
design aids manufacture/assembly, 
while also taking into account any 
operational considerations of the 
final product. 


In next month’s Jump Start we shall be getting ready for 
Christmas with a simple lighting controller that can be used to 


drive a variety of festive light displays. 
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Fig.14. Laser-cut acrylic stand design 
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RICHARD’S HOT TIPS ON PC BOARD DESIGN 
We’ve compiled some useful advice to help you to improve your skills 


¢ When converting to a PCB, turn off the 
automated placement options and place 
the components yourself. Arrange and 
rotate the components so that they reduce 
the complexity of the nets (green lines) to 
simplify your routing process later. 

In fact, by arranging the components 
effectively, the auto-routing feature is 
sometimes able to route your board for you 
satisfactorily after this step. Allow enough 
space around your components and try to 
think about what connections you will need 
to make and where you can route them as 
you decide on the component placement. 


¢ Make use of your components to help you 
‘cross over’ tracks when needed. Resistors 
and diodes are often wide enough to allow 
two or more tracks to be run between their 
two connections. Similarly, tracks may be 
run below an IC, as shown in Fig.15. You 
may need to reduce the track width when 
routing though tight gaps. Double-clicking 
a track or right-clicking on Properties will 
allow you to change the track width, as 
shown in Fig. 16. 

In low power circuits the tracks can be 
made relatively narrow with no impact 
on the operation of the circuit. However, 
you do need to think carefully about track 
width on more powertul circuits. 

Keep in mind that the copper layer on 
PCBs is very thin and consequently the 
cross-sectional area of tracks is small, 
which affects their current-carrying ability. 
You also need to consider the quality of 
the manufacturing processes that you are 
using; the narrower your tracks and the 
smaller the gaps on your PCB the more 
accurate you must be in production. 


e As we have discussed in previous 
articles, sometimes it is necessary to add 
jumpers or links where a track is required 


“ 


IN 
Fig.15. Running tracks below an IC 


to cross over another and no other sensible 
alternative routes exist through the PCB 
design. Try to keep these to a minimum, 
as small as cocade and only horizontal/ 
vertical for neatness. In fact, wire links can 
actually be quite useful for fault finding by 
providing a convenient connection point. 


° Circuit Wizard ‘optimises’ the nets as you 
move components around by suggesting 
the nearest common point to make the 
required connection. However, sometimes 
the nearest point might not be the most 
convenient to make. 

If you are finding it hard to make a 
connection, look for alternative common 
points. Print out a copy of your circuit 
schematic so that you can cross-reference 
it and look for common connections. 


e Always run a quality check before 
continuing to manufacture your PCB — 
don’t wait until you’ve invested time, 
effort and cost making a PCB to find that 
it’s flawed. It’s also important to make 
sure that your circuit schematic is 100% 
accurate. If your initial circuit is incorrect 
then so will your PCB be. Therefore, 
always double check before starting the 
conversion process. 

When trying to resolve an issue found 
by the Quality Check, turning on pin 
numbers (View > Display > Pin Numbers) 
will help you to trace the fault. The Quality 
Check can be a little confusing to interpret 
and can make a simple problem such as a 
missed connection or touching track/pad 
look more complex than it is. 

The Quality Check describes the whole 
common set of connections that contains 
an error. It details the connections that you 
have made on the PCB, stating that this 
differs from the circuit diagram. 

Your task is, therefore, to try and identify 


what the difference is. In practice, we have 
found that a good strategy is to compare 
the Quality Check fo the original circuit 
diagram to identify the problem, then 
return to the PCB to try to resolve it. 


¢ Single-sided PCBs do have a ceiling 
in terms of the circuit complexity that 
they can sensibly support. If you are 
working with more advanced circuits 
you might like to look at using a double- 
sided eel However, this does add 
more complexity to the manufacture and 
assembly process, and you may not have 
the capability to do this. If you cannot 
produce these yourself there are several 
companies that offer PCB manufacturing 
services. Often, you simply upload or 
e-mail your artwork and requirements 
and they will do the rest. Circuit Wizard 
is able to output your designs in several 
formats, including the industry-standard 
Gerber format, which is suitable for 
commercial manufacture. 


e Finally, stay calm, don’t get frustrated, 
work logically through your circuit and if 
you come to a sticking point take time to 
tind a solution. Try looking back at earlier 
connections that you've made and see if 
you can amend them in order to help you 
complete one that is being particularly 
difficult. Some students find it useful to 
print out their designs as they work. By 
looking back at these printed designs you 
will often be able to spot a simple change 
that will allow you to progress further with 
your PCB layout. 

Finally, when it comes to designing PCBs, 
practice really does make perfect. Our 
the ae whe will Say Boe you 
with plenty ot opportunity fo develop your 
skills by Seng ain and building a 
range of simple circuits. 


Help 


Fig.16. Using the Track Properties dialogue to change the width of a PCB 


track 


Special thanks to Chichester College for the use of their facilities when preparing the featured circuits. 
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Generally speaking, I think it's fair to say that I really am 
not a covetous person. If I see someone with a big car or a 
large house or a humongous flat screen television I think 
‘That's nice,’ and then carry on with whatever I was do- 
ing or thinking about before. But, having said all this, 
there are two things that I am currently drooling over... 


I want a 3D world globe display 

This all started when one of our friends recently ad- 
opted a little girl from China. A few days ago my wife 
mentioned to me that she had been visiting with our 
friend when the six-year-old child was learning Eng- 
lish and had pointed at herself and said something like 
‘From China.’ 

I said that it would be handy for them to have a world 
globe so that they could show the kid where she’s living 
now and where China is and so forth. This reminded 
me that I have an old 18-inch globe in the cupboard in 
the study, so I wandered off to find it. 

I was fully expecting to give the globe to our friend as a 
gift, but I had forgotten just how interesting these things 
are. Returning from the study, globe in hand, I was idly 
spinning it, noticing all sorts of interesting things, like 
just how big Africa is compared to North America when 
you compare them on a spherical projection. 

The reason I'm waffling on about this here is that 
I began to ponder the creation of a 3D spherical dis- 
play. Something about two to three feet in diameter 
made out of some translucent white plastic material. 
Inside there would be some form of projector (maybe 
multiple Pico projectors) presenting images, anima- 
tions, videos, and textual data onto the surface of the 
sphere. 

The really interesting part comes when you start to think 
about the various types of information you might present 
on such a display. For example, you could show anima- 
tions of how plate tectonics has caused the continents to 
drift around the surface of the Earth over the last billion 
years or so. Also, you could show the rise and 
spread of life on earth, rising and falling 
sea levels, and simulations of the ice 
ages when mile-high ice sheets 
reached as far south as New York. 

How about displaying ani- 
mations of human migra- 
tions, or the rise and fall of 
ancient civilizations, or the 
spread of different forms 
of government like democ- 
racy and communism? And 
you could present current 
data, like weather systems, 
plane flights and/or satellite or- 
bits (with fading contrails so you 
could see where they had come from 
and where they were headed). Also, you 
could display real-time data like Internet 
traffic and the spread of computer viruses (or human 
viruses for that matter). 


By Max The Magnificent 


Or how about troop movements and suchlike during 
the Second World War? What about computer gaming sce- 
narios like the game of Risk, but much more detailed. Or 
how about a ‘Planet Builder’ application where you spec- 
ify initial conditions (core temperature, materials, and so 
forth) and you evolve your own planet and life forms and 
suchlike? 

And we wouldn’t have to restrict ourselves to only dis- 
playing Earth-related information. We could make our dis- 
play look like the Moon, or Mars, or Jupiter, or the Sun, 
or... I tell you; once you have the idea of a 3D globe dis- 
play, new ideas keep on popping into your head, and it 
seems that there are endless applications for such a beauty. 

I’m also pondering the control of this beast. Maybe some 
form of capacitive sensing like an iPad, or perhaps gesture 
recognition like a modern machine-vision equipped com- 
puter game. By simply passing your hand across the face of 
the globe you could cause the information being displayed 
on its surface to rotate. Or by spreading your fingers (like a 
‘zoom-in’ gesture on the iPad) you could cause a magnify- 
ing-glass effect to appear — that is, an image of the outside 
of a magnifying glass could appear centered on your fin- 
gers and the area under this magnifying glass could show a 
zoomed-in view ... and you could keep on zooming in just 
like on Google Earth, except that your zoomed-in region 
would be presented in the context of the rest of the globe. 


I want a Hover Scooter 
But wait, there's more... do you remember that Star Wars 
movie The Return of the Jedi? At one part of the film, our 
heroes take off flying through the forest on flying scooters 
with those naughty Stormtroopers chasing them. I must 
admit that when I first saw this film, there was a little 
voice at the back of my mind saying ‘Oooh, I want one of 
those!’ (Actually, it was probably my unconscious mind 
saying ‘Oooh, Shiny!’, but the end effect was the same.) 
Of course, I'm not a complete idiot (my mother had me 
tested). Even I knew that the chances of anyone creating 
something like this in my lifetime were exceeding- 
ly remote. But then I saw an article on a Hover 
Vehicle from a company called Aeroflex. 
Come on... you have to admit that 
this is uber-cool. I live in a relatively 
flat area, and I can easily visualize 
myself zipping around our neigh- 
borhood with my 17-year-old son 
and his friends looking on in envy. 
Of course, I would wear much 
more stylish head gear than that 
shown in this image — I'm think- 
ing my rainbow-colored Beanie hat 
with the propeller on top. 
I cannot tell you how much I want 
one of these little beauties. In fact, I 
and a couple of friends have started look- 
ing around for a supplier of these ducted fans 
and we are actively pondering how one would im- 
plement a sort of fly-by-wire control system, As always, 
watch this space... 
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HIS is a wonderfully simple, 

l but effective auto-dialler — and 

what’s more it should cost less 
then a fiver (say USD 8) 

Many years ago, I built an auto- 
dialler that was able to call up to 
six pre-programmed numbers on a 
rotational basis and deliver one of 
two messages — fire or intruder — 
depending on what had caused the 
alarm to be triggered. It also had an 
instant hold message that would give 
the primary message tape time to start 
or the listener time to figure out what 
the call is about. 

My auto-dialler never made a call 
in anger or panic. However, a few 
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months ago when it was zapped for 
the third time by a lightening surge 
I decided on an update, cutting out 
the telephone wires, multi-number 
dialling and messages, using just my 
mobile phone number. 


Design 
I used the attached circuit (Fig.1) 
and an old mobile phone. It couldn’t 
be simpler, but care is needed when 
handling the phone. If a ‘hands-free 
kit’ is available, which can enable 
calls, then so much the _ better; 
otherwise, proceed as follows. 

First, remove the keypad cover to 
gain access to the area of the ‘Send’ 


Fig.1. Circuit diagram for the Low-cost Auto-Dialler 
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button PCB terminal. Remove the small 
metal disc or resistance material that 
is used to bridge the gap on the PCB 
(printed circuit board) when a call is 
made, and carefully attach fine flexible 
wires to both copper track terminals — 
don't forget to remove the battery when 
carrying out this process! 

Refit the battery, switch on and make 
a test call by momentarily touching 
the free ends of the two wires together, 
replace the keypad cover and secure 
the wires to prevent damage by pulling. 

Nearly all readers are familiar with 
the 555 timer IC. I have used the 
dual version, a 556 timer IC. The first 
timer is wired as a very slow running 
oscillator that is used to trigger the 
second timer through transistor TR1. 
The auto-dialler must be fed from the 
alarm generator (siren) supply via a 
suitable fuse, and as such does not use 
any standby current as it only operates 
when a call is to be made. 


Operation 

Both timers are triggered on by the 
initial surge of power when the alarm 
operates, but while timer 1 is settling 
down and capacitor C1 is charging, 
timer 2 has already performed it’s 
duty by powering pin 1 of the opto- 
coupler (IC2), thus making the first 
call. As IC1 pin 5 goes low, timer 2 is 
again triggered for about 1.5 seconds, 
or about the same time it would take 
to press the send button, through TR1 
to bring the phone to ‘Last Number 
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Redial’ (LNR) or to make the next call, depending on the phone 
used and also the setting. 

The phone I used was obtained from a junk shop, and made 
by an Indian company called LAVA. I have no idea what the 
model number is, but the main thing is it was very cheap. This 
phone, when set to ‘Contacts’ pages allow calls to the selected 
number every time the send button or IC2 operates, but a Nokia 
6100 or 6210 will have to bring up LNR, then call at the next 
shut down of timer 2, making it twice as long or 3 minutes 
between calls with the component values used for timer 1. 

I find this auto-dialler more efficient than ones that just send 
a text message, which can, of course, get delayed — not what 
you want in an alarm system! Also, if you are in a tunnel, then 
the chances are that the alarm will still be running and making 
calls when you exit the tunnel. 

This unit can be used anywhere and is also ideal as a silent 
vehicle alarm. 


Phil Foster, Jamaica 
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Early 


HIS month we looks a question 
about bipolar transistor charac- 
teristics posted on Chat Zone by lost. 


Is the Early effect, which gives rise to h,, 
(dV,,/dV,,), related to the Early voltage 
which gives rise to h,, (dI,/dV.,)? 


This question raises a number of 
issues which we will look at in this 
article and next month. What are the 
‘Early effect’ and ‘Early voltage’? How 
do they affect transistor operation 
and circuit performance? How do we 
represent these effects using transistor 
models when we perform circuit 
analysis and design calculations? 


Early effect 

The Early effect is named after the 
engineer James Early (1922—2004), who, 
in the 1950s, worked on measuring and 
improving transistor characteristics at 
Bell Laboratories in Murray Hill, New 
Jersey, USA. In 1952, he published a 
paper titled Effects of Space-Charge 
Layer Widening in Junction Transistors 
on what was to be called the ‘Early 
Effect’. For further information, there is 
a memorial web page for him at: www. 
smecc.org/james_m_early.htm. 

Before going into the details, it is 
worth clarifying that lost’s question 
refers to two different transistors 
parameters: h, and h,. h, is a 
transistor’s output conductance (so 1/ 
h,, is the output resistance), and h,, is 
the reverse voltage gain. We will discuss 
these in more detail next month. Both 
these parameters represent deviations 
from what we might regard as an ideal 
transistor, which are caused (at least 
in part) by the ‘space-charge layer 
widening’ effect detailed in Early’s 
paper. 

‘Early effect’ can refer to the space- 
charge layer widening effect in general, 
but often usage of the term is related 
just to transistor output conductance. 
This is because the impact of reverse 
voltage gain on transistor performance 
is often very small and can, therefore, 
be neglected when analysing circuits. 
However, there are circumstances, 
typically in radio frequency circuits, 
where the effect of the reverse voltage 
gain is significant. 


Early voltage 
The Early voltage is very directly 
associated with output conductance, 
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effect and Early voltage 


but is not typically discussed in the 
context of reverse voltage gain. The 
value of transistor output conductance 
(or resistance) can be related to the 
Early voltage by a simple equation. 

Thus, lost’s question could be 
modified into a statement as follows: 
the Early effect gives rise to both h,, 
and h,,. The value of h,, is directly 
related to the Early voltage. 


In brief 

To gain an understanding of the Early 
effect we need to look at the physics of 
semiconductors, such as silicon. We will 
give a simplified description of transistor 
physics which accounts for the Early 
effect. In this discussion we assume 
(where relevant) a transistor is used in 
common-emitter configuration — as in 
the basic transistor amplifier in Fig.1 — 
in which the base is the input and the 
collector is the output, with base current 
controlling the collector current. 
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Fig. 1. Basic NPN common-emitier amplifier 


In a crystal of pure silicon, the four 
outer electrons of each silicon atom 
are involved in forming bonds with 
neighbouring atoms. These bonds can 
be broken by thermal energy, freeing 
the electrons to move and thus allowing 
electrical conduction to take place. As the 
temperature increases, more electrons 
are released and the silicon becomes 
more conductive. However, due to the 
regular and strong nature of silicon’s 
crystal structure very few electrons break 
free, so very little conduction takes place 
in pure silicon (at room temperatures) — 
it is therefore a very poor conductor. 

When an electron does break free of 
a bond, it will behave as a negatively 
charged particle moving through the 
crystal under the influence of any 
applied electric field. It will also 
leave a vacancy in the silicon crystal’s 
bonding structure. A freed electron 
will move until it finds another 
vacancy, at which point it may drop 
back into the inter-atomic bond at that 
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point. The vacancy can be viewed 
as having moved in the opposite 
direction to the electron. 

In fact, the vacancy behaves like a 
positively charged particle, referred 
to as a hole. When an electron drops 
back into a bond both the hole and 
electron involved cease to be part of the 
conduction process, this is known as 
recombination. In pure silicon, electrons 
and holes are formed as pairs, so the 
numbers of holes and electrons are equal. 


Doping 

The key to making electronic devices 
such as diodes and transistors is to add 
very small amounts of impurities to the 
silicon, a process known as doping. If 
the impurity has five electrons in the 
outer part of the atom (eg, phosphorus) 
then four of these electrons form bonds 
with neighbouring silicon atoms, 
leaving the fifth electron unused. This 
electron needs much less energy to get 
it involved in conduction because a 
strong bond does not have to be broken, 
thus adding such an impurity greatly 
increases the conductivity. 

The fifth electrons from these dopants 
do not form corresponding holes 
when they take part in conduction. 
However, some holes will be present 
in the material due to the same thermal 
process which occurs in pure silicon. 
The electrons outnumber the holes and 
are referred to as the majority carriers. 
The holes are minority carriers. Silicon 
doped in this way is referred to as 
N-type because the majority carriers 
are negatively charged electrons. 

Doping can also be performed with 
an element such as boron, which has 
only three electrons in the outer part 
of the atom. This will leave a vacancy 
in the crystal bonding structure, 
which acts as free hole, so again the 
conductivity increases greatly. Silicon 
doped in this way is called P-type and 
has holes as majority carriers, and 
electrons as minority carriers. 

Things get particularly interesting 
when a single crystal of silicon is 
doped such that it is N-type on one side 
of a boundary and P-type on the other 
side. This is known as a PN junction. If 
we make a (non-PN-junction-forming) 
electrical connection to the silicon on 
both the P and N sides of the junction 
we get a diode. The non-junction 
forming connections are referred to as 
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ohmic contacts and can be made using 
metal wires. 

When a PN junction is created, some 
electrons will move across the boundary 
from the N side to the P side (due 
to the thermal energy they possess). 
Here they will tend to drop into the 
vacancies formed by the P-type dopant 
(a recombination process). These 
recombining electrons are negatively 
charged, so this process causes a build 
up of negative charge in the P-type 
silicon near the junction. This is the 
‘space charge’ referred to in the title of 
Early’s paper and is shown in Fig.2. 
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Fig.2. Open circuit (unconnected) PN 
junction 


Equal polarity charges repel, which 
will tends to counter the space charge 
build up. Thus, in the P-type silicon 
we have two opposing processes — 
the attraction of the electrons (from 
the N-type silicon) to the gaps in 
the crystal structure and repulsive 
force of equal polarity charges. Net 
charge movement occurs until these 
processes are in equilibrium. A similar 
thing occurs with holes moving from 
the P-type into the N-type near the 
junction and causing a build up of 
positive charge. 

The recombination which occurs 
near the P-N boundary as holes move 
into the N-type and electrons into 
P-type depletes the region near the 
boundary of charge carriers — it is 
therefore referred to as the depletion 
region (see Fig.2). The depletion 
region has very low conductivity due 
to the lack of available charge carriers. 

If we have ohmic connections (wires) 
to our PN junction (as in a diode) and 
we apply a voltage to the junction so 
that the P side is negative with respect 
to the N side, as shown in Fig.3, more 
electrons will be pulled away from the 
junction in the N side and more holes 
will be pulled away from the junction 
on the P side. This will increase the 
width of the depletion region and 
very little conduction will occur 
— the diode is reverse biased. Any 
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Fig.3. Reverse biased PN junction 
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conduction which does occur will be 
due to thermally generated holes in 
the N-type, and thermally generated 
electrons in the P-type, that is, it is 
due to the minority carriers. 

If we apply a voltage to the PNjunction 
so that the P side is positive with respect 
to the N side, then electrons will be 
attracted across the boundary from the 
N side to the P side. Conduction can 
occur and the diode is forward biased. 
On arrival in the P side, the electrons 
are minority carriers, so this 
process is called minority 
carrier injection, which 
is important in transistor 
operation. Similarly, holes 
move from the P side to the N 
side (where they are minority 
carriers). 

Application of a forward 
bias voltage reduces the 
size of the depletion region, 
as shown in Fig.4, and if 
sufficient voltage is applied 
it will effectively disappear. 
As the applied voltage is 
increased from zero, the current will 
remain small while a_ significant 
depletion region still exists, because 
of its very low conductivity. Once the 
depletion region can no longer prevent 
conduction, the resistance of the 
junction reduces greatly — this is the 
‘turn-on’ voltage of the diode, which is 
around 0.6V for silicon. 
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Fig.4. Forward biased PN junction 


A bipolar junction transistor contains 
two PN junctions. This can be achieved 
using either a sequence NPN or PNP 
of doped layers in a single crystal of 
silicon (hence these names for the two 
transistor types). Like a diode, we make 
ohmic connections to each layer. The 
‘outer’ layers (N for NPN, P for PNP) 
are the emitter and collector of the 
transistor. The middle region (P for 
NPN, N for PNP) is the transistor’s base. 

Now, in moving from emitter 
to collector (or vice versa) we go 
through two PN junctions in opposite 
directions. This is like two back-to- 
back diodes; but if this is all there 
was to a transistor there would never 
be any significant conduction from 
collector to emitter, because whatever 
way round we connected a collector- 
emitter voltage one of these junctions 
is reverse biased. The key to transistor 
operation is in the geometry and 
doping of the layers — the base region is 
very thin and relatively lightly doped 
— this ensures that the transistor does 
not behave just as two separate diodes. 


A turn on 

For transistor action we forward bias 
one of the PN junctions (the base- 
emitter junction) and apply sufficient 
voltage to turn on the base-emitter 
diode. We also reverse bias the base- 
collector junction. For example, for 
a NPN transistor we make the base 
positive with respect to the emitter 
and the collector positive with respect 
to the base, as shown in Fig.5 and 
correspondingly in Fig.1. 
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Fig.5. An NPN transistor structure showing base- 
collector depletion region and effective base width 


Recalling that diode forward 
conduction produces minority 
carrier injection; in an NPN transistor 
conduction via the base-emitter 
junction will inject minority carrier 
electrons into the P-type base. Also 
recall that minority carriers can cross 
a reverse biased PN junction, thus 
the electrons entering the base of an 
NPN transistor can be swept across 
the base-collector junction by the 
attraction of a positive voltage on the 
collector. 

Some of the electrons crossing 
the base region will recombine with 
holes. These holes will be replaced by 
more holes moving into the base (the 
base current). Because the collector is 
positive with respect to the base, the 
pull on the electrons to the collector 
is strong, and because the base region 
is very thin — so the electrons do not 
spend much time in the base to have 
chance to recombine — most of the 
injected electrons will end up in the 
collector. 

Ideally, for fixed conditions at the 
base (base current) the amount of 
recombination would be constant and 
thus changing the collector voltage 
would not change the collector current, 
as long as the base-collector junction 
remained reverse biased. The transistor 
would behave as a current source (via 
the collector), with the current value 
controlled solely by the base. The 
output characteristics of such an ideal 
transistor are shown in Fig.6. 

The graph in Fig.6a shows plots of 
collector current, I, against collector- 
emitter voltage, V_,, for three different 
base currents. Once V_,, is above the 
low voltages which constitute the 
saturation region of operation, the 
collector current is constant for a given 
base current, that is, it is independent 
of V_,. It is the active region we are 
interested in for this discussion. 
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Fig.6. (a). Transistor common-emitter out- 
put characteristics for idealised transistor 
without Early effect, and (b) transistor 
common-emitter output characteristics 
including the Early effect, which causes 
the curves to slope rather than be flat in 
the active region (compare with Fig.6(a)) 


Base width modulation 

In reality, things are not so straight- 
forward. Recall that changing the reverse 
bias of a PN junction changes the size 
of the depletion region. This happens 
to the base-collector junction when the 
collector voltage is changed. Making the 
collector voltage more positive increases 
the size of the depletion region (or 
space charge layer if you prefer), which 
decreases the size of the conducting 
base region (see Fig.5). This is the Early 
effect. 


The fact that changing the collector 
voltage changes the effective width of 
the base means that the Early effect 
is also (and now more commonly) 
referred to as ‘base width modulation’ 
as well as ‘space-charge layer 
widening’. 

The reduction in effective base 
width as collector voltage increases 
gives electrons moving across the 
base less time to recombine, so a 
smaller proportion will do so. Thus, 
as the collector voltage is increased at 
a fixed base current, collector current 
will also increase. This results in the 
output characteristics shown in Fig.7 
where the curves can be seen to slope 
up in the active region. The slope 
of the curve (change in I, divided 
by change in V,,) is the output 
conductance (h,,) of the transistor at 
that base current. 

Looking at Fig.6 in detail you may 
notice that the slope of the curves 
increases as base current increases. 
If we extrapolate the straight line 
sections of all the I, curves for different 


base currents they converge at more or 
less the same point on the V_,, axis, as 
shown in Fig.7. This point represents 
a voltage which is characteristic of the 
particular transistor. The voltage on 
the axis is negative at this point, but 
the positive voltage of same value is 
referred to as the Early voltage (symbol 
V,) because it indicates the strength of 
the Early effect on output conductance 
(or resistance) for that transistor. 
Typical values are 50V to 100V. 

This month, we have explored the 
physical process in the transistor 
which lead to the Early effect, and have 
shown how Early voltage is usually 
defined. Next month, we will look 
at its impact on circuit performance 
and how we approach analysing this 
in circuit design through parameters 
such as h,, and h,,. 
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Fig.7. Finding the Early voltage from the transistor output characteristics 
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ETTING to terms with the 
units of measurement used in 
electronics is one of the first 


obstacles that newcomers to the hobby 
have to overcome. We are all familiar 


with metres, grams, and degrees 
Celsius, but prior to an interest in 
electronics you will probably not have 
encountered farads, ohms, or henries. 

Matters are complicated by the fact 
that a broad range of values are often 
used. The largest capacitors in normal 
use for example, have values that are 
more than a billion times bigger than 
those of the smallest types. It is further 
complicated by the fact that, by 
normal electronic standards anyway, 
some of the basic units are very large 
or incredibly small. You could be 
using a ten-million-ohm resistor one 
minute and a one billionth of a farad 
capacitor the next. 


Up front 

The prefixes used for electronic values 
follow the standard metric system. A 
kilometre is a thousand metres, and 
a kilohm is a thousand ohms. Table 1 
shows the prefixes that are likely to be 
encountered in electronics, together 
with the single letter abbreviation 
used for each one. 

It should be noted that the case is 
important with these abbreviations, and 
that ‘M’ for example means a million, 
whereas ‘m’ means a thousandth. The 
single letter abbreviation for micro is 
the Greek letter mu (w), but ‘uw’ is often 
used instead. 


Table 1 
Multiply/Divide Prefix Letter 
x1000000000 giga G 
x1000000 meg/mega M 
x1000 kilo k 
/1000 milli m 
/1000000 micro “oru 
/1000000000 nano n 
/1000000000000 pico p 
Resistance 


The basic measurement of resistance 
is the ohm. An ohm is a fairly small 
basic unit, and resistors are commonly 
available with values from about 1 ohm 
to 10 million ohms. However, the higher 
power types with ratings of a few watts 
or more have relatively low values, 
typically starting at 0.1 ohms and going 
up to a few hundred ohms. There are 
special high value components having 
resistances of 100 million ohms or 
more, but they are little used in real- 
world electronic circuits. They require 
special handling precautions in order to 
avoid impairing their accuracy. 


Made to measure! 


The Greek letter omega (Q) is used 
to indicate that a value is in ohms. 
Therefore a 470Q resistor has a 
value of 470 ohms. The letter ‘R’ is 
often used in place of omega, and a 
value of 330 ohms might, therefore, 
appear on a circuit as either ‘330’ 
or ‘330R’, or possibly even as just 
‘330’. It is now standard practice 
for the character denoting the unit 
of measurement to indicate the 
position of the decimal point as 
well. A 3.9 ohm resistor for instance, 
would normally have its value given 
in the form ‘39’ or ‘3R9’. 

The basic ohm is fine when dealing 
with resistors of several hundred 
ohms or less, but many everyday 
resistors have values of thousands or 
even millions of ohms. Kilohms and 
megohms are therefore used for higher 
value components. The abbreviation 
for kilohm is ‘kQ’ or just ‘k’, and the 
abbreviation for megohm is ‘MQ’ or 
just ‘M’. As with lower values, the letter 
indicating the unit of measurement is 
normally used to show the position of 
the decimal point as well. A value of 5.6 
kilohms would normally be given in the 
form ‘5k6’, and a value of 6.8 megohms 
would be given as ‘6M8’. 


Colour conscious 

Some resistors have the value written 
on their body, usually together with 
a tolerance rating or code letter, but 
this method is mainly restricted to 
high power resistors. Colour coding is 
normally used to mark the value and 
tolerance rating of resistors having a 
power rating of less than about one 
watt. There is more than one version 
of resistor colour coding, but the four 
band version is the most common type. 
This uses the method of coding shown 
in Fig.1. Table 2 shows the meaning of 
each colour for each of the bands. 

It used to be the norm for band 4 to 
be well separated from the other three 
bands, but these days there is often no 
discernible difference in the spacing. 
Getting bands 1 and 4 confused and 
reading the colours backwards should 
not be a problem though. Band 1 is 
much nearer to its end of the body, 
and may well be right at one end of the 
body. The small resistors used in most 
projects have a tolerance rating of 5%, 
which is represented by a gold band. 
This helps to avoid any confusion, 
since gold is never used in bands 1 or 2. 

As an example of a resistor code, 
suppose that the bands are green, 
blue, yellow, and gold. Bands 1 and 
2 provide the first two digits of the 
value, which in this case are green 
(5) and blue (6). The first two digits of 
the value are therefore ‘56’. The third 
band provides the multiplier, and in 
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Table 2 


Colour Band1/2 Band 3 Band 4 
Black 0 x1 - 
Brown 1 x10 1% 
Red 2 x100 2% 
Orange 3 x1000 - 
Yellow 4 x10000 - 
Green 5 x100000 0.5% 
Blue 6 x1000000 0.25% 
Violet 7 - 0.1% 
Grey 8 - - 
White 9 - - 
Gold - 0.1 5% 
Silver - 0.01 10% 
None - - 20% 


this example it is yellow (x10000). This produces a final 
value of 56 x 10000, or 560000 ohms (560kQ). The fourth 
band is gold, indicating that the marked value has a 
tolerance of plus or minus 5%. In other words, the actual 
value is somewhere between 532 and 588kQ. 

Of course, it is acceptable to use a component that has a 
better tolerance than the one specified in the components 
list. A 1% or 2% component could be used instead of a 
5% type for example, but a 5% component should not 
be used in place of a 1% or 2% type. Similarly, from the 
electrical point of view, a resistor having a higher power 
rating than the one specified is perfectly acceptable. 
Bear in mind though, that a higher power rating is 
normally accompanied by an increase in physical size. A 
component having a higher power rating might not fit into 
the available space on the circuit board. 

Resistor colour coding is complicated slightly by two 
five band versions of the code. With one type the extra 
band only indicates the temperature coefficient of the 
component. This is usually of no consequence, and the 
fifth band can be ignored. Just use the first four bands to 
provide the value in the normal way. In the example of 
Fig.2, the value is therefore 4.7kQ. The other five band 
method of coding is a little more difficult to deal with. It 
uses the first three bands to indicate the first three digits 
of the value. Bands 4 and 5 then provide the multiplier 
and tolerance rating in the normal way (Fig.3). 

Resistors, capacitors and inductors are generally only 
available in a standard range of values, or ‘preferred’ 
values as they are known. These values can be handled 
by the four band method of coding. Having three bands 
for the initial digits enables non-standard values to 
be accommodated, which is probably of no practical 
importance to electronic project builders. For preferred 
values, the third band is always black (0). It is therefore 
possible to calculate the value in the normal way, but 
with the third band being ignored. However, the figure 
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Band 1 (st digit) 
Band 2 (2nd digit) 


Band 3 (multiplier) 
| ae Band 4 (tolerance) 


Fig.1. The standard four band method of resistor colour 
coding. In this example, the component has a value of 560 
kilohms (560kQ) and a tolerance rating of 5% 


Band 1 (1st digit) 
Band 2 (2nd digit) 


Band 3 (multiplier) 
| = Band 4 (tolerance) 
—_— Band 5 (temp. co.) 


Fig.2. This five band method of coding is essentially the same 
as the four band type. Ignore the fifth band and read the value 
in the normal way (4.7 kilohms in this example) 


Band 1 (1st digit) 
Band 2 (2nd digit) 


Band 3 (3rd digit) 
| —— Band 4 (multiplier) 


po Band 5 (tolerance) 


Fig.3. An alternative form of five band colour coding. With 
preferred values the third band is always black 


obtained must then be multiplied by ten in order to 
compensate for the ignored zero, and give the final value. 
As an example, suppose the four bands used to provide 
an initial figure produce an answer of 4.7kQ. The actual 
value of the resistor is 47kQ. 

I know from personal experience that having a stock of 
resistors that consists of a mixture of four and five-band 
components tends to cause confusion and errors. This 
is especially the case if you end up having to deal with 
both types of five band coding as well as the standard four 
band type. If at all possible, it is best to avoid resistors 


that use this second form of five band 
coding. 

There is actually a six band code, 
which is likely to be encountered 
rarely if ever. It has the extra digit 
band and the temperature coefficient 
one. The value can therefore be read as 
per the second type of five band code, 
with the sixth band being ignored 


Capacitors 

Although using colour coding might 
seem to be doing things the hard 
way, it does have advantages. On 
tiny components it avoids having 
to use minute lettering that could 
only be read with the aid of a 
magnifier. Small bands or spots of 
colour are generally much easier 
to read. The markings on a colour 
coded component have to be quite 
severely damaged in order to render 
them unreadable, but with letters 
and figures it often requires minimal 
damage in order to make the 
markings ambiguous or misleading. 

Colour coding was once common for 
various types of capacitor, but despite 
the potential advantages it no longer 
seems to be used with any capacitors. 
If you should encounter a colour 
coded component, it should not be 
too difficult to decipher its value. The 
systems of coding used for capacitors 
are mostly based on the resistor type, 
and the first three colours give the 
value in picofarads (pF). 

The values are simply written 
on modern capacitors, but are not 
necessarily in an obvious and easily 
understood form. Ceramic capacitors 
often have a marking such as ‘n47’. 
Here the letter is being used to denote 
the units in use (nanofarads) and the 
position of the decimal point, and the 
leading zero is omitted. The value is 
therefore 0.47 nanofarads, in other 
words 470 picofarads. By no means do 
all small ceramic capacitors have this 
method of indicating the value, which 
in this example is just as likely to be 
marked as ‘470p’ or even just ‘470’. 

Another slightly confusing method is 
to have the value in the form of a three 
digit number. The first two digits of the 
label are simply the first two digits of 
the value. The third digit indicates the 
number of zeros that have to be added 
to the basic value, and it performs the 
same task as the multiplier band in a 
resistor colour code. As an example, 
a capacitor marked ‘273’ has ‘27’ as 
the first two digits of the value, and 
three zeros must be added to these in 
order to provide the full value. This 
gives an answer of 27000. The value 
is in picofarads, and in this example 
it is therefore 27000 picofarads, or 27 
nanofarads. 

There is a potential source of 
confusion with this system, where 
a value of (say) 47 picofarads would 
be marked as ‘470’ (47 plus no zeros 


added). Unless you know that this 
method of marking is in use you could 
be forgiven for thinking that the value 
was 470 picofarads. 


To the letter 
There are often other markings present 
on capacitors, and some of these 
will probably just be the usual batch 
numbers and so on. Others show such 
things as the tolerance and maximum 
voltage rating. 

The tolerance is often indicated by 
a single letter and a simple method 
of coding, so you have to be careful 
to avoid interpreting a tolerance code 
letter as part of the value. Table 3 
shows the tolerance ratings for the 
commonly encountered code letters: 


Table 3 

Code Letter Tolerance 
[F +/- 1% 
G +/- 2% 
H +/- 3% 
J +/- 5% 
K +/- 10% 
M +/- 20% 

Inductors 


Inductors, which are also known as 
chokes, are not used in electronic 
projects to anything like the same extent 
as resistors and capacitors. In fact, they 
are something ofa rarity by comparison. 

The basic unit of inductance is the 
henry, which is an enormous amount 
of inductance. Consequently, most 
real-world inductors have their values 
expressed in  millihenries, micro- 
henries or nanohenries. These are 
respectively millionths, thousandths, 
and billionths of a henry. 

With large inductors, the value is 
normally written on the body of the 
component, and other parameters 
might be included, such as the 
tolerance and a maximum operating 
current. The same method is used 
for many small inductors, but some 
have the value marked using a system 
of colour coding. This operates 
in essentially the same manner as 
standard four-band resistor colour 
coding, but the value is in nanohenries 
rather than ohms. Dividing the figure 
obtained by one thousand or one 
million respectively gives an answer 
in microhenries or millihenries. 

For instance, suppose an inductor 
is colour coded red, violet, red, and 
gold. The first three colours provide 
the basic value, which in this case is 
2700 (27 x 100) and is in nanohenries. 
Dividing this by one thousand gives a 
value of 2.7 microhenries. The fourth 
band, which is gold in this example, 
indicates the tolerance in the usual 
way. The tolerance rating of the 
component is therefore plus or minus 
five percent. 


Need a small and 
cost-effective device? 


Look no further. 


PoScope Mega1+ 


Smallest USB 2.0 portable 1MS/s oscilloscope 
Data acquisition of analog and digital signals 
Data recording 

Export to CSV, XLS, PDF and HTML 

Simple usage of advanced features 

Examples for C++, VB, Delphi and LabView 
Free software and updates 


pret ee roteve 0 Sar MONAT) Armes 


Send to devine 


Smallest USB HID or ETHERNET I/O interface 
Keyboard and joystick simulator (USB) 

55 digital I/O (configurable) 

LCD and LED matrixes driver 

6 PWM outputs, 26 encoder inputs 
Supports up to 10 I2C, 1-Wire sensors, 

up to 7 analog sensors 

Expandable with PoNet 

Free software and web interface (Ethernet) 


Visit www.poscope.com 
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EPE BINDERS 


KEEP YOUR MAGAZINES SAFE 
— RING US NOW! 


This ring binder uses a special 

system to allow the issues to be 

easily removed and re-inserted 

without any damage. A nylon 

strip slips over each issue and 

this passes over the four rings 

in the binder, thus holding the 
magazine in place. 

The binders are finished in 
hard-wearing royal blue PVC. 

They will keep your issues neat 

and tidy but allow you to remove 

them for use easily. 

The price is £7.95 plus 

£3.50 post and packing. If 

you order more than one 

binder add £1 postage 

each binder after the initial 

postage charge (overseas 

readers the postage is £6.00 each 

to everywhere except Australia and 
New Guinea which costs £10.50 each). 
Send your payment in £’s sterling cheque or PO (Overseas readers send £ 
sterling bank draft, or cheque drawn on a UK bank or pay by card), to: 


Everyday Practical Electronics, Wimborne Publishing Ltd, 
113 Lynwood Drive, Merley, Wimborne, Dorset, BH21 1UU. 
Tel: 01202 880299. Fax: 01202 843233. 

E-mail: editorial @epemag.wimborne.co.uk. 

Web site: http:/Awww.epemag.com 


We also accept card payments. Mastercard, Visa, or Maestro. Send your card number 
and card valid from and expiry date plus Maestro Issue No. and the security code on 
the back of the card with your order. 


__ acho 


Bygones 


Radio Bygones includes articles on restoration and repair, history, circuit tech- 
niques, personalities, reminiscenes and just plain nostalgia — you’ll find them all. 


Plus, features on museums and private collections. 


It is mostly about valves, of course, but solid-state — whether of the coherer and 


spark-gap variety or early transistors — also has a place. 


From the days of Maxwell, Hertz, Lodge and Marconi to what was the state-of-the- 


art just a few short years ago. 


There is also a selection of free readers’ For Sale and Wanted adverts in every issue. 


The magazine is published six times a year, and is only available by postal 


subscription. 


Subscription Prices: UK £25.00, Europe £27.00, Rest Of The World £32.00 (one year). 


It is not available in newsagents. 


<= . supplier? 
S Meneses 


1000’s OF PRICES REDUCED! 


Alternatively phone us on 
020 8452 0161 with your 
5 requirements. 


Visit our Shop, Call or Buy online at: 
www.cricklewoodelectronics.com 


The Leading Magazine For Vintage 
Radio Enthusiasts 


August/September 2011 


/ : j bd Issue No. 132 
Bygones ISSN 0956-974X 


The Lasky Skyrover Mark II Receiver 


Search And Rescue Radios 
The Complex Development Of ‘L, M & S’ 


Microwave Cavity Resonators — A Tale Of Spies, 
Bugs And Lizards 


Radio Bygones is published by Wimborne Publishing, 113 Lynwood Drive, Merley, 
Wimborne, Dorset, BH21 1UU. 


To take a subscription or request a sample copy (cost £5.00 to UK) then please do not hesitate to contact us. 


Tel: 01202 880299 
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EPE |S PLEASED TO BE ABLE TO OFFER YOU THESE 


ELECTRONICS CD-ROMS 
FLOWCODE &S 


Complex electronic 
systems in minutes 


New features include: 
+ Ccode views and customisation 

* Simulation improvements 

+ Search and replace 

- New variable types 

+ Project auto-documentation 

+ Project explorer 

+ Bookmarks 

+ Improved chip interrupt features 
Compilation errors and warning 

ynterrupts overhaul 


ASGECOOC THER 


FLOWCODES 


{ 


’ Oo 
a ie 


ARM’ 


erecentroliers 


FLOWCODES 
The FlowKit can be connected to hard- 


of ware systems to provide a real time 

an Frowcre o debug facility where it is possible to 
Wg ccagas step through the Flowcode program on 

the PC and step through the program 
in the hardware at the same time. The 
FlowKit can be connected to your own 
hardware to provide In-Circuit Debug 
to your finished designs. 


PRICES Prices for each of the CD-ROMs above are: Flowcode 4 Flowcode 5 
(Order form on third page) DSPIC & PIC24 PICMICRO/AVR & ARM 

Download only 
(UK and EU customers HobbyisuStude@nt sie ecse essere eiots cosievisloiee eisieereisels £45.95 inc. VAT £58.80 inc. VAT 
add VAT to ‘plus VAT’ Professional (Schools/HE/FE/Industry)............ £149.00 plus VAT £199.00 plus VAT 
prices) Professional and Flowkit bundle ................. N/A £220.00 plus VAT 


Please note: Due to popular demand, Flowcode PICmicro, AVR & ARM V5 are now available as a download. Please include your email 
address and a username (of your choice) on your order. A unique download code will then be emailed to you. If you require the CDROM as a 
back-up (available June 2012) then please add an extra £14 to the above price. 
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PiICmicro TUTORIALS AND PROGRAMMING 


VERSION 3 PiCmicro MCU 
development board 
Suitable for use with the three software packages 


listed below. 


This flexible development board allows students to learn both 
how to program PICmicro microcontrollers as well as program 
a range of 8, 18, 28 and 40-pin devices from the 12, 16 and 
18 series PlCmicro ranges. For experienced programmers 
all programming software is included in the PPP utility that 
comes with the development board. For those who want to 
learn, choose one or all of the packages below to use with the 


Development Board. 


e Makes it easier to develop PlICmicro projects 

e Supports low cost Flash-programmable PlCmicro devices 

e Fully featured integrated displays — 16 individual LEDs, quad 
7-segment display and alphanumeric LCD display 


HARDWARE 


e Supports PlCmicro microcontrollers with A/D converters 


e Fully protected expansion bus for project work 


e USB programmable 


e Can be powered by USB (no power supply required) 


ASSEMBLY FOR PiCmicro 
V4 


(Formerly PiCtutor) 

Assembly for PlCmicro microcontrollers V3.0 
(previously known as PICtutor) by John Becker 
contains a complete course in programming the 
PIC16F84 PlCmicro microcontroller from Arizona 
Microchip. It starts with fundamental concepts 
and extends up to complex programs including 
watchdog timers, interrupts and sleep modes. 

The CD makes use of the latest simulation 
techniques which provide a superb tool for 
learning: the Virtual PlICmicro microcontroller, this 
is a simulation tool that allows users to write and 
execute MPASM assembler code for the PIC16F84 
microcontroller on-screen. Using this you can 
actually see what happens inside the PlCmicro 
MCU as each instruction is executed, which 
enhances understanding. 

@ Comprehensive instruction through 45 tutorial 
sections @ Includes Vlab, a Virtual PlCmicro 
microcontroller: a fully functioning simulator @ 
Tests, exercises and projects covering a wide 
range of PlCmicro MCU applications e Includes 
MPLAB assembler @ Visual representation of a 
PiCmicro showing architecture and functions @ 
Expert system for code entry helps first time users 
@ Shows data flow and fetch execute cycle and has 
challenges (washing machine, lift, crossroads etc.) 
@ Imports MPASM files. 


£161 including VAT and postage, supplied 


SOFTWARE 


‘C’ FOR 16 Series PiCmicro 


Version 4 

The C for PlCmicro microcontrollers CD-ROM is 
designed for students and professionals who need 
to learn how to program embedded microcontrollers 
in C. The CD-ROM contains a course as well as all 
the software tools needed to create Hex code for a 
wide range of PlICmicro devices — including a full 
C compiler for a wide range of PICmicro devices. 

Although the course focuses on the use of the 
PiCmicro microcontrollers, this CD-ROM will 
provide a good grounding in C programming for 
any microcontroller. 

@ Complete course in C as well as C 
programming for PlCmicro microcontrollers e@ 
Highly interactive course @ Virtual C PlCmicro 
improves understanding @ Includes a C compiler 
for a wide range of PiCmicro devices @ Includes 
full Integrated Development Environment @ 
Includes MPLAB software @ Compatible with most 
PiCmicro programmers @ Includes a compiler for 
all the PICmicro devices. 


age 
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items: Pentium PC running, 20! 
XP; CD-ROM drive; 64MB RAM; 10MB 
hard disk space. 
Flowcode will run on XP or later 
operating systems 


with USB cable and programming software 


FLOWCODE FOR PiCmicro 
V5 (see opposite page) 
Flowcode is a very high level language programming 
system based on flowcharts. Flowcode allows you to 
design and simulate complex systems in a matter of 
minutes. A powerful language that uses macros to 
facilitate the control of devices like 7-segment displays, 
motor controllers and LCDs. The use of macros allows 
you to control these devices without getting bogged 
down in understanding the programming. When used 
in conjunction with the Version 3 development board 
this provides a seamless solution that allows you to 

program chips in minutes. 


@ Requires no programming experience 

@ Allows complex PliCmicro applications to be 
designed quickly 

@ Uses international standard flow chart symbols 

@ Full on-screen simulation allows debugging and 
speeds up the development process. 

@ Facilitates learning via a full suite of 
demonstration tutorials 

@ Produces ASM code for a range of 18, 28 and 
40-pin devices 

@ 16-bit arithmetic strings and string manipulation 

@ Pulse width modulation 

@ (20. 


Features include panel creator, in circuit debug, 
virtual networks, C code customisation, floating 
point and new components. The Hobbyist/Student 
version is limited to 4K of code (8K on 18F devices) 
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CIRCUIT WIZARD 


Circuit Wizard is a revolutionary new software system that 
combines circuit design, PCB design, simulation and CAD/ 


CAM manufacture in one complete package. 
Two versions are available, Standard or Professional. 


By integrating the entire design process, Circuit Wizard provides you with all the tools necessary to 
produce an electronics project from start to finish — even including on-screen testing of the PCB prior 


to construction! 


* Circuit diagram design with component library (65600 components 


Standard, 1500 components Professional) 


* Virtual instruments (4 Standard, 


%# On-screen animation 


* Interactive circuit diagram simulation 


* True analogue/digital simulation 


* Simulation of component destruction 


* PCB Layout 

* Interactive PCB layout simulatio 
* Automatic PCB routing 

* Gerber export 


* Multi-level zoom (25% to 1000%) 


* Multiple undo and redo 


* Copy and paste to other software 


# Multiple document support 


This software can be used with the Jump Start and Teach-In 2011 series 
(and the Teach-In 4 book). 


Minimum system requirements for these CD-ROMs: Pentium PC, CD-ROM drive, 32MB RAM, 10MB hard disk 
space. Windows 2000/ME/XP, mouse, sound card, web browser. 


7 Professional) 


nN 


Standard £61.25 inc. VAT 
Professional £91.90 inc. VAT 


Please send me: CD-ROM 


O Assembly for PICmicro V4 
O ‘C’ for 16 Series PiCmicro V4 


UO Flowcode for PICmicro V5 (DOWNLOAD + CDROM) 
O Flowcode for PICmicro V5 (DOWNLOAD ONLY) 

OO Flowcode for AVR V5 (DOWNLOAD + CDROM) 

UO Flowcode for AVR V5 (DOWNLOAD ONLY) 

0 Flowcode for ARM V5 (DOWNLOAD + CDROM) 


ORDER FORM 


CO Flowcode for ARM V5 (DOWNLOAD ONLY) 


Oi PiCmicro Development Board 


O Circuit Wizard — Standard 

O Circuit Wizard — Professional 
OO EPE PIC Resources V2 
Oo 


FUIIINAMG! 520 csancbeae needs edie tweed MNO OA dN ee E Meee eee eae 
AQdeSS? caccdasae reg saamecu nae ne qi aiod Ried nee we ee aed ete ees a semae anes 
Weed hen whew Goa eed Post: COd@! nrc sade seated ous Tel. NO: .........008. 
: SIGNAUNE ihre vieeende seat geriseandevn Aika bead 
i Ol enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for £ 
; O Please charge my Visa/Mastercard/Maestro:£.......... 
, Valid From:.......... Card expiry date:............. 
A CardiiNG? o334).cendedwed he utieten Muscle cecaeten ce Maestro Issue No. ......... 
: Card Security Code.......... (The last 3 digits on or just under the signature strip) 
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CO Flowcode for dsPIC & PIC24 V4 


Note: The software on each version is the same, only the licence for use varies. 


V3 (hardware) 


Electronic Components Photos 


Version required: 

O Hobbyist/Student 

O Professional 

O Professional 10 user 
O Professional + Flowkit 
O Site licence 


EPE PIC 


RESOURCES V2 


Version 2 includes 

the EPE PIC 

Tutorial V2 series of 

Supplements 

(EPE April, May, 

June 2003) 

The CD-ROM con- 

tains the following 

Tutorial-related 

software and texts: 

@ EPE PIC Tutorial V2 complete series of 
articles plus demonstration software, 
John Becker, April, May, June ’03 

@ PIC Toolkit Mk3 (TK3 hardware 
construction details), John Becker, 
Oct ’01 

@ PIC Toolkit TK3 for Windows 
(software details), John Becker, 
Nov ’01 

Plus 18 useful texts to help yOU get 

the most out of your PIC programming. 

Price £14.75 inc. VAT 


ELECTRONIC 


COMPONENTS PHOTOS 


A high quality , 
selection of over 
200 jpg images 
of electronic 
components. 
This selection of 
high resolution 
photos can be } 
used to enhance 
projects and presentations or to help with 
training and educational material. They 
are royalty free for use in commercial or 
personal printed projects, and can also 
be used royalty free in books, catalogues, 
magazine articles as well as worldwide 
web pages (subject to restrictions — see 
licence for full details). 

Now contains Irfan View image software 
for Windows, with quick-start notes 
included. 


Price £19.95 inc. VAT 


ORDERING 


ALL PRICES INCLUDE UK 


POSTAGE 


Student/Single User/Standard/Hobbyist 
Version price includes postage to most 


countries in the world 


EU residents outside the UK add £5 for airmail 


postage per order 
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Time for FTP ol 


AST month, I mentioned how my Windows upgrade 

earlier this year had proceeded more or less to plan, with 

an older PC now running Windows 7 Professional without 
too much of a hitch. Many answers to Windows upgrade 
problems can be found online and I particularly commend to 
readers the dedicated W7 site at: www.sevenforums.com. 

The bloat of Internet Explorer 9 sometimes makes my 
system groan a bit, and Firefox is an altogether slicker 
web browser for legacy systems. I use both browsers 
routinely, but choose Firefox for more intensive surfing 
sessions. Firefox has a range of useful third-party plug-ins 
and extensions to make life easier (see them all at https:// 
addons.mozilla.org/), but it has a habit of upgrading itself 
every month; a few moments ago I noticed how I’m now 
running Firefox 15.0, a two version hop in just two months. 

Windows 7 also introduced widgets or ‘gadgets’ — small 
desktop applets that stream information to the user visually. 
Microsoft soon got bored with the idea though and only a spartan 
choice of standard gadgets is still available, including network 
activity, a useful CPU resources meter, a clock and weather 
forecast gadget. Microsoft cautions against downloading gadgets 
from untrusted third parties: could it possibly be because of the 
security risks that downloads pose? 

Most of my legacy programs run fine under Windows 7 and 
most problems were gradually overcome. One disappointment 
has been the popular FTP program WS_FTP Pro by Ipswitch: 
an expensive upgrade to V12.3 was needed just for W7 
compatibility, but I found that whenever the iconbar was 
dragged, the software crashed. Technical Support agreed: that’s 
funny, ours does the same. Such a blatant bug is unacceptable 
and WS_FTP Pro is one of only two PC programs (the other 
being Quicken 2000) that I ever rejected. It reminded me to 
not to take new software for granted, but to test programs as 
thoroughly as possible during the initial trial period. 

In our web-obsessed world, File Transfer Protocol (FTP) 
software is overlooked, but it 
still has its uses. For example, ’! 
unlike the use of a web-based 
system (http) for uploading 
files, traditional FTP can be a 
better way of uploading many 
megabytes’ worth of photographs 
to a stock image website, as FTP 
can be more robust, offer more 
control and provide a full log 
of transfers. Readers could try 
WS_FTP LE, their recently re- 
introduced and_ soft-launched 
free ‘lite’ edition available on 
an annual licence from www. 
wsftple.com. A popular free 
alternative is Filezilla from 
http://filezilla-project.org. 
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pre-ordered in September and the rush is on to offer Windows 
8-compatible products, together with patches, drivers and 
upgrades. Manufacturers will continue to push the latest 
hardware and software relentlessly, but many of us will be 
satisfied with Windows 7 or even XP. Keeping one eye on the 
medium term, Windows 7 will be perfectly fine for years to 
come yet. Note that official support for Windows XP expires 
on 8 April 2014 when Microsoft stops pushing out security 
updates or patches for its 13-year-old OS. A Doomsday 
countdown timer on Microsoft’s website serves as a reminder. 


Fried chips 

At this point, readers, I can reveal that not everything 
went entirely to plan with my reconstructed Windows 7 
system. Halfway through an intensive work session one 
day, my screen suddenly froze and the PC emitted a horrid 
screeching sound. My heart sank as the motherboard’s 
speech-enabled debugger opined that ‘Your memory may 
have a problem’ (itself true). I feared the system’s new hard 
disk could have crashed, spelling several days of outage, 
lost revenue and onerous data restoration. 

Opening the case of my self-built PC revealed the cause: 
the motherboard’s Northbridge heatsink was hanging off the 
board and dangling in mid air! The retaining clip had come 
away from the board and I feared the Intel chip underneath 
it might have fried. I thought it was worth trying a repair, or 
Plan B would be to drop in the spare motherboard I sourced 
years ago from eBay. So, with fingers, crossed the retaining 
clip was resoldered and a morsel of silicone grease applied 
to the heatsink, which was re-assembled: happily the system 
rebooted successfully and work resumed once again. Phew, 
that was a close shave! 

This alarming incident was a timely reminder that a 
hardware failure, whether PC or a Mac, can happen without 
warning and may not be restricted to a simple hard disk 
or memory chip failure. 
In previous columns, I’ve 
outlined various strategies 
for backing up essential data 
online, in addition to which 
I have a rigorous and tested 
routine based on the excellent 
Reflect 5 backup software 
from Paramount Software UK 
Ltd, which backs up on to 
my RAID-style NAS. Reflect 
is downloadable from: www. 
macrium.com. In slow-time, 
I will document my serial 
numbers and save them 
online too. Many program 
serial numbers can often be 


inSSIDer shows the received signal strength indication (RSSI) recovered from a system using 


By the time you read this, of Wi-Fi networks detected on a laptop. The author's router's Magic JellyBean Keyfinder, 


Windows 8 will have appeared _ signal (green trace) falls as the laptop moves around the building. free from: 
on the market. It could be Neighbouring BT Home Hub networks are also detected 
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Coming into range 

One aspect of Internet networking that causes much muttering 
is that of Wi-Fi coverage and reliability. Despite using a 
good quality Billions 7800N SoHo router that I’ve praised in 
previous columns, wireless access indoors is still occasionally 
erratic. In order to pinpoint the likely cause I downloaded 
inSSIDer free from Metageek.net. This open-source program 
(Windows, Mac and Android) enables Wi-Fi users to examine 
what’s going on around them, detecting the presence of 
neighbouring networks, their signal strengths and the 
possibility of overlapping channels. In my case, I suspected 
that my mobile phone Wi-Fi signal was being knocked off by 
a nearby wireless network, and the screenshot shows how 
my Wi-Fi RSSI (received signal strength indication, green line) 
drops as I moved my wireless laptop around the building and 
back again. Details of a nearby BT home hub were detected, 
and the ‘channels’ tab showed some network overlap. 

Several things could be done to help improve wireless 
strength. Few users actually consider the antennae and 
various types of directional Wi-Fi aerials are available on 
eBay for a few pounds. Possibly a desktop-mounting antenna 
on an extension lead might boost PC wireless cards in some 
cases. I decided on a more active approach though when the 
TP-Link TL-WA830RE 300Mbps Wireless N Range Extender 
caught my attention online. It’s a small router-sized box 
that promises to increase the coverage of a 2.4GHz wireless 
network, and for about £30 I decided to give it a go. 

Aimed at the domestic market, it’s a budget-priced bit of 
kit, namely a small and typically warm plastic box with two 
antennae and a single Ethernet port. An Ethernet cable and 
mains adaptor are included, and it sports a button labelled 
‘Range Extender’. 

I am often skeptical about any Wi-Fi ‘Quick Start’ 
guide and two setup methods were offered by TP-Link. 
The deceptively simple WPS (Wi-Fi Protected Setup) 
pushbutton connection means pressing the WPS button on 
the router (where equipped) and press the Range Extender 
button on the device for a few seconds to complete the 
setup — or that’s what the guide would have you believe. 
After half an hour of fiddling I could not connect the range 
extender this way, despite digging into the router’s myriad 
settings, ensuring that WPS was properly enabled and 
stabbing the buttons with my fingertip ad nauseum. 

The second method is more sure-fire, and involves 
hooking the Range Extender to a PC via an Ethernet cable 
(supplied) and logging into it that way. This became a 
nuisance given the need (as I would soon learn) to search 
online for FAQs and support guidelines. There was an 
annoying period of swapping Ethernet cables in order to go 
back online again looking for more answers. 

Typing the device’s default IP address into my browser 
yielded nothing initially, but a blank stare from my screen, 
and eventually I found out why: with the PC disconnected 
from the router and working in standalone mode, according 
to the helpful FAQ on _http://uk.tp-link.com/article/?id=375 
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Logging into the router to change Wi-Fi channels avoided conflicts 
with a neighbouring network. The green trace is the TP-Link range 
extender placed nearby. The blue trace is the wireless router 
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a static IP needs assigning temporarily to that PC. After doing 
so (the FAQ refers to Windows XP only, not Windows 7) I 
logged into the range extender successfully. The wireless 
security details and network key were set and the device’s 
settings were configured rapidly, remembering to restore 
the PC’s IP settings afterwards. After this performance, the 
device’s ‘Range Extender’ LED glowed triumphantly and 
seemed quite stable. At the same time, I logged into my 
router to change the wireless channel and eliminate the 
conflict with neighbouring networks. 

A DC extension cable for the adaptor was sourced from 
Amazon (also available from CPC) and the TP-Link Range 
Extender was located in a spare room for a trial period. What 
difference did the device make to my network? My Windows 
Mobile phone initially reported better Wi-Fi signal strength 
(four or five bars) as did my wireless laptop. Mobile surfing 
seemed somewhat snappier and a PC with Wi-Fi card seems 
to connect more consistently too — some of the time anyway. 

Disappointingly though, I would find that the link 
dropped quite regularly and a reboot was needed several 
times a day. After a promising start, inSIDDer showed how 
the wireless extender signal would fade out, sometimes 
every minute or two. I wasn’t convinced that the budget- 
priced device performed consistently enough and in the end 
I abandoned the idea. The packaging promised to ‘extend 
existing wireless networks in as little as a few seconds at 
the push of a button’ but in my experience the reality was 
rather different; the average user who has no experience of 
networking setup would probably struggle with setting up 
this device, whichever ‘quick start’ method they chose. 

The TP-Link TL-WA830RE (300Mbps) is available from 
Amazon UK and alternatives include a more expensive 
plug-top style Billions BiPac 3100SN Access Point Repeater 
which can only be positioned, of course, where there’s a 
mains socket. Another alternative would be Powerline 
adaptors (Ethernet through the mains), which is a genuinely 
simple approach to extending the network. 


TP-LINK’ 


300Mbps Wireless N Range Extender 


Trail blazing 

In December 2011’s Net Work I mentioned Amazon’s new 
Kindle Fire, a colour-version of their immensely popular 
ebook reader. It cost $199, but would not make it to the 
UK until now. The tablet market is hotting up with intense 
competition from the iPad, Google’s Nexus 7 and Samsung 
Galaxy Tab as the big brands slug it out amongst themselves, 
with Samsung in the USA licking its wounds after a bruising 
battle with Apple over intellectual property. 

Amazon claims that the latest Kindle offers a 40% 
improvement, and the original USA-only Kindle Fire is now 
upgraded but costs just £129. The new Kindle Fire HD is 
£159 (16GB) or £199 (32GB). Both devices launch on to the 
UK market on 25 October, just in time for Christmas. At the 
time of writing the Kindle can be pre-ordered from Amazon. 
co.uk. With the launch of Windows 8 and Microsoft Surface 
(see last month) as well, October will be a busy month in the 
run-up to Christmas. 

That’s all for this month’s Net Work. You can write to me 
at: alan@epemag.demon.co.uk or share your views with 
the editor at: editorial@wimborne.co.uk. Your letter might 
feature in Readout and you could win a prize! 
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Matt Pulzer addresses some of the general points 
readers have raised. Have you anything interesting to say? 


Drop us a line! 


All letters quoted here have previously been replied to directly 


WIN AN ATLAS LCR 
ANALYSER WORTH £79 


An Atlas LCR Passive Component Analyser, 
kindly donated by Peak Electronic Design 
Ltd, will be awarded to the author of 
the Letter Of The Month. The Atlas LCR 
automatically measures inductance from |!mH 
to 10H, capacitance from I pF to 10,000uF 
and resistance from IQ to 2MQ with a basic 
accuracy of 1%. www.peakelec.co.uk 


Email: editorial@wimborne.co.uk 


w LETVER OF THE MONTH x 


Upgrading a discharge circuit 


Dear editor 

Having read the Electrolytic Capacitor 
Reformer and Tester (Aug/Sept °12) 
articles, it occurs to me that there is 
a better way for the failsafe discharge 
circuit. Instead of a series pair of 1kQ 
1W resistors, a more effective ‘energy 
dump’ is the inrush-limiting NTC 
thermistor often found preceding the 
bridge rectifier in switch-mode PSUs. 
The room temperature resistance can 
be selected by type from a few tens to 
a few thousand ohms, the energy in 
the capacitor heats the NTC thermistor 
causing the resistance to fall — this 
discharges high voltage capacitors to 


More on mains safety 


Dear editor 

Your editorial (‘Don’t let electrical 
familiarity breed contempt’, EPE, July 
2012) highlights the need for regular 
inspection of electrical installations 
and the close attention IT equipment 
needs. 

Acouple of months ago a similar thing 
to the one you described happened to 
me. The neutral pin of a plug attached 
to an electric toaster overheated, the 
screw had become loose. (A useful 
reminder that the (small) extra cost 
of plugs and sockets from the likes 
of British manufacturer MK is worth 
every penny; budget plugs and sockets 
use the minimum of materials.) 

The proliferation of double-insulated 
IT switch-mode power supplies can 
result in a significant earth-leakage 
current, which can flow via low 
voltage outputs to a desktop PC’s earth 
connection, or more dangerously to 
you if you're using a laptop — no prize 
for guessing how I discovered this! 

Switch-mode power _ supplies 
often have a capacitor connecting 
the negative side of the mains bridge 
rectifier to the negative DC output 
terminal. DVD players and digital 
set-top boxes also have a capacitor 
connecting one terminal of the non- 
polarised mains inlet to the metal 
enclosure. With the rise of switch- 
mode power supplies used to power IT 
equipment, it’s easy to underestimate 


a safe voltage far more rapidly than 
normal ‘dump’ resistors. 

I have been using a similar NTC 
dump ina slightly different application 
for a number of years. In actual fact, 
my application is a Zener tester that 
works up to any voltage I’m ever likely 
to encounter. It starts with a voltage- 
doubling bridge rectifier with a pair of 
180pF electrolytics. This is fed from 
the mains via a series pair of 68kQ 2W 
resistors (liberated from the UC3842 
start-up circuit in a PC monitor PSU). 

The voltage doesn’t quite reach 
640V — I suspect the mains-rated 
bridge rectifier module starts to impose 
leakage, so the voltage just about creeps 
up above 600V. 


the effect of the high level of pulsed 
current taken from the mains. 

Most computers no longer have a 
‘real’ on/off switch to isolate the PC 
and monitor supply. I thought I’d try 
one of those master/slave multi-way 
power adaptors to make it easier to 
properly switch off the monitor and 
the peripherals, but after a week 
the relay contacts welded together. 
Perhaps these hidden dangers could 
be the subject of an article some time 
soon. 


John Swift, Prescot, Merseyside, 
via email 


Matt Pulzer replies: 
A good idea John - I will look into it. 


Hearing loop projects 


Dear editor 

Being profoundly deaf in one ear and 
not much better in the other, I’m really 
hoping that I can get some mileage out 
of the hearing loop receiver articles 
you are running. I use a commercial 
product called the Sennheiser RR840S 
with reasonable success. This has a 
driver/charger unit that accepts the 
headphone output signal from the 
TV and sends it to the loop system 
you hang around your neck, but with 
my terrible hearing it only just about 
works. The beauty of it is, instead of 
receiving from the loop, I can as an 
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The Mk1 had a shorting switch to 
dump the charge on the capacitors 
— that only lasted for one operation! 
The inclusion of an inrush-limiting 
NTC thermistor has protected the 
replacement switch ever since. 

On rare occasions; my device has 
successfully been used to reform high 
voltage electrolytics. 


Tan Field, by email 
Matt Pulzer replies: 


A fascinating alternative Ian, thank 
you for your suggestion. As always, 
EPE readers can be relied upon to 
improve our projects. 


alternative, plug-in a pair of Telecoil 
equipped headphones, which give me 
increased amplification, but which are 
a bit clumsy to use. 

There are many people in the UK 
that are deaf, and we do need good 
quality information. Many times, 
when looking for a hearing aid — 
NHS or privately sourced — I get 
fobbed off with a white-coated idiot 
with no qualifications pretending 
to offer a ‘consultation’, which just 
means he sits at a box, preprogramed 
to send various tones at various 
amplitudes and the results get fed 
into a computer, which in turn sets 
up the hearing aid. 

As a consumer, it feels like a 
completely closed shop. Recently, 
we've had a breakthrough in the 
price-fixing wars because you can get 
hearing aids from about £90 now, but 
of course a couple of the well-known 
national suppliers try and convince 
you that you need to spend anything 
from £1000 to £3500, and the latest 
fairytale is if you need two hearing 
aids they should have Bluetooth built- 
in to talk to one another to provide 
you with the ‘best possible’ response 
to your problems. 

Incidentally, I do hope your hearing 
loop receiver is designed to cope with 
the profoundly deaf, because most 
hearing aids I see advertised are only 
there for people with mild hearing 
losses of 50dB or less So, a possible 
future article could well be a box of 
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tricks with the ability to transmit tones 
at various strengths up to at least 6kHz 
and which can graph results. 


GS Chatley, by email 
Matt Pulzer replies: 


I hope you enjoy the hearing loop series 
George, and we will welcome feedback 
from anyone with hearing loss, telling 
how well the projects have worked! 


Loops and inductors 


Dear Editor 


I would like to express my appreciation 
for your excellent and much-needed 
series on Inductive Loops. 


With reference to the Hearing Loop 
Receiver (Sept’12), would it not be 
feasible to fit two inductors (L1) at right 
angles to minimise the effects of the 
orientation of the unit relative to the 
plane of the loop? 


Geoffrey Evans 


Project designer John Clarke from 
Silicon Chip magazine replies: 


Hi Geoffrey 


A second inductor could be included at 
right angles to the other, and connected 
in series. Generally, the hearing 
loop receiver is used in the upright 
orientation and so there is no need for 
an alternative orientation inductor for 
pickup from the horizontal loop. 


Legacy systems 


Dear Alan 
I have been trying to find the free 
download ‘Toolkit TK3’ from the 


November 2001 magazine. All I can 
find is some very expensive tutorial 
CDs, which include this free software. 
I need to convert your software written 
in this obscure assembler to MPLAB, 
which is what I normally use. The hex 
code on your website for the project 
I am building Wind Speed Meter 
(January 2003) is either corrupt or 
written in another strange format as it 
will not load into my programmer. 

Sadly, you only have the TASM code 
which is not compatible with MPLAB. 
I fail to understand why you cannot 
supply the MPLAB version, as this is 
without doubt the most universal code 
available. 

I have recently purchased a CD-Rom 
of back issues over five years and since 
discovered almost all your PIC-based 
projects are written using this weird 
assembler. 


Adrian Anderson, by email 
Alan Winstanley replies: 
Dear Adrian 
I am sorry to hear your views about 
EPE. Regular readers recognise that 


our own PIC micro projects evolved 
from the 1990s and were written using 


74 


TASM. Some of the items you mention 
are now a decade old, but we may 
republish our legacy material on new 
CDs periodically. Various tutorials 
and series that we published over the 
years ensure that all our work is fully 
supported in the environment that the 
authors used at that time. 

While MPLAB was not widely used 
in our own hobbyist market in those 
days (and the choice of microcontroller 
family complicated things even 
more), today it is obviously true that 
Microchip’s own software is now widely 
accessible and we still focus almost 
exclusively on using PIC micros. In fact, 
we enjoy a very close relationship with 
Microchip today, but we have provided 
plenty of support and_ high-value 
software tools of our own, including 
our Toolkit TK3 that enabled readers to 
complete these projects successfully at 
that time. 

Unfortunately, if you wish to use 
a different set of tools on a legacy 
project then we cannot directly provide 
support for that. The question of 
MPASM/TASM conversion is settled, 
and many readers have addressed this 
very successfully with little effort. The 
best place to be is www.chatzones. 
co.uk where plenty of help is available 
from fellow EPE readers on this precise 
subject. 

Toolkit TK3 is available for free 
download just as it has always been. 
The late John Becker, our technical 
editor, developed it entirely in-house. 
His material was the foundation for 
many highly successful constructional 
projects and tutorials that were unique 
and highly prized by their followers. 

ftp://ftp.epemag.wimborne.co.uk/ 
pub/PICS/ 

If you prefer a web-based front end to 
our legacy file library please visit: 

http://www.epemag.net/ 
microcontroller-code.htm 

At the same time, we bundle our 
PIC software library on to CD for 
convenience and have often included 
them as cover mounts or free CDs. I 
have personally mastered the cover 
disks for this. 

The Wind Speed Meter files are not 
corrupt, but we will not be providing a 
conversion tool for legacy codes either 
now or in the future. As mentioned, 
plenty of enthusiastic support is 
available in the EPE Chat Zone from 
people eager to help. We have yet to 
come across any such problem with a 
legacy file that a friendly exchange in 
the forum has not resolved. 


Alan Winstanley, 

EPE online editor 
Readers can contact Alan by email at: 
alan@epemag.demon.co.uk 


Interfacing the Arduino 


Dear Editor 

Now that the Arduino is available at 
affordable prices and is taking off in 
popularity worldwide, what about the 
possibility of publishing some useful 
articles on how to interface them to 
the real world? They are a lot easier 


to use than PICs, and for beginners, I 
would say cheaper, if you take into 
account all the extras you need to get 
going. PICs may be more appropriate 
for professionals, but for hobbyists, the 
Arduino is ideal. 

There is material around in Make 
Magazine, Nuts & Volts, and online in 
Instructables, but it would be nice if 
we could see some ideas coming from 
the UK... and you are the only game in 
town! 

What I particularly like is the 
way they are programmable from a 
standardised high-level language. 
Many of your past projects that involve 
PICs could profit from a reworking. 

A case in point would be the March 
2006 Telescope Interface — one of the 
very fine projects by the late John 
Becker. Unfortunately, the software 
was written in TK3 assembler, and I 
found it quite hard to follow, and as 
a result, I still haven’t gotten around 
to making it. (I don’t even think the 
old TK3 assembly code is available 
for download now; all I found in the 
library was source code of the RS485 
Master Device by Mike Hibbett. I will 
now attempt it using an Arduino, but it 
would be very nice if projects like these 
were updated. 

That was the other thing about 
those old PIC projects. The code was 
available to download, but there was 
never a description of the algorithms, 
flowcharts or anything like that. This 
wasn’t peculiar to John, it still persists 
today. I think for anyone who wants 
to be able to modify, adapt, or design 
for themselves, it would be extremely 
helpful to see how the code works — it is 
arguably as pertinent as understanding 
how to configure an op amp in the old 
days. 

Using an Arduino would help in 
that, because the processing language 
used to program them makes the whole 
situation a lot more transparent. 


Brian Williams (reader since the 
1960s) 


Matt Pulzer replies: 


Thank you for your letter Brian. There 
are so many inspiring silicon options 
out there, it is difficult to cover them 
all. At the moment, we are deliberately 
concentrating on PICs and the new 
Raspberry Pi. I do think it is important 
to do a few things well, rather than 
trying to cover many _ controllers 
without any real depth. That said, we 
are always open to suggestions and 
Arduino would certainly be a contender 
if we ever changed track 


IF YOU HAVE A SUBJECT 
YOU WISH TO DISCUSS IN 
READOUT 


PLEASE EMAIL US AT: 


editorial@wimborne.co.uk 
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DIRECT BOOK S$ 


ELECTRONICS TEACH-IN BUNDLE - 
SPECIAL BUNDLE PRICE £14 FOR PARTS 1,2 & 3 


ELECTRONICS TEACH-IN 2 CD-ROM 

USING PIC MICROCONTROLLERS A PRACTICAL 
INTRODUCTION 

This Teach-In series of articles was originally published 
in EPE in 2008 and, following demand from readers, has 
now been collected together in the Electronics Teach-In 2 
CD-ROM. 

The series is aimed at those using PIC microcontrollers 
for the first time. Each part of the series includes breadboard 
layouts to aid understanding and a simple programmer 
project is provided. 

Also included are 29 PIC N’ Mix articles, also 
republished from EPE. These provide a host of practical 
programming and interfacing information, mainly for 
those that have already got to grips with using PIC 
microcontrollers. An extra four part beginners guide to using 
the C programing language for PIC microcontrollers is also 
included. 

The CD-ROM also contains all of the software for the 
Teach-In 2 series and PIC N’ Mix articles, plus a range 
of items from Microchip — the manufacturers of the PIC 
microcontrollers. The material has been compiled by 
Wimborne Publishing Ltd. with the assistance of Microchip 
Technology Inc. 

The Microchip items are: MPLAB Integrated 
Development Environment V8.20; Microchip Advance 
Parts Selector V2.32; Treelink; Motor Control Solutions; 
16-bit Embedded Solutions; 16-bit Tool Solutions; Human 
Interface Solutions; 8-bit PIC Microcontrollers; PIC24 
Micrcontrollers; PIC32 Microcontroller Family with USB 
On-The-Go; dsPIC Digital Signal Controllers. 


CD-ROM Order code ETI2 CD-ROM £9.50 


Book and CD-ROMs 


Order code ETIBUNDLE 


ELECTRONICS TEACH-IN 3 


The three sections of this book cover 
a very wide range of subjects that will 
interest everyone involved in electronics, from hobbyists and 
students to professionals. The first 80-odd pages of Teach-In 3 
are dedicated to Circuit Surgery, the regular EPE clinic dealing 
with readers’ queries on various circuit design and application 
problems — everything from voltage regulation to using SPICE 
circuit simulation software. 

The second section — Practically Speaking — covers the 
practical aspects of electronics construction. Again, a whole 
range of subjects, from soldering to avoiding problems with 
static electricity and indentifying components, are covered. 
Finally, our collection of Ingenuity Unlimited circuits provides 
over 40 circuit designs submitted by the readers of EPE. 

The free cover-mounted CD-ROM is the complete Electronics 
Teach-In 1 book, which provides a broad-based introduction to 
electronics in PDF form, plus interactive quizzes to test your 
knowledge, TINA circuit simulation software (a limited version — 
plus a specially written TINA Tutorial), together with simulations 
of the circuits in the Teach-In 1 series, plus Flowcode (a 
limited version) a high level programming system for PIC 
microcontrollers based on flowcharts. 

The Teach-In 1 series covers everything from Electric Current 
through to Microprocessors and Microcontrollers and each part 
includes demonstration circuits to build on breadboards or to 
simulate on your PC. There is also a MW/LW Radio project in 
the series. The contents of the book and Free CD-ROM have 
been reprinted from past issues of EPE. 


160 pages Order code ETI3 £8.50 


Bundle Price £14.00 


COMPUTING AND ROBOTICS 


WINDOWS XP EXPLAINED 
N. Kantaris and P. R. M. Oliver 

If you want to know what to do next when confronted with 

Microsoft's Windows XP screen, then this book is for you. It 
applies to both the Professional and home editions. 
The book was written with the non-expert, busy person in 
mind. It explains what hardware requirements you need 
in order to run Windows XP successfully, and gives an 
overview of the Windows XP environment. 

The book explains: How to manipulate Windows, and 
how to use the Control Panel to add or change your printer, 
and control your display; How to control information using 
WordPad, notepad and paint, and how to use the Clipboard 
facility to transfer information between Windows applications; 
How to be in control of your filing system using Windows 
Explorer and My Computer; How to control printers, fonts, 
characters, multimedia and images, and how to add hardware 
and software to your system; How to configure your system to 
communicate with the outside world, and use Outlook Express 
for all your email requirements; how to use the Windows Media 
Player 8 to play your CDs, burn CDs with your favourite tracks, 
use the Radio Tuner, transfer your videos to your PC, and how 
to use the Sound Recorder and Movie Maker; How to use the 
System Tools to restore your system to a previously working 
state, using Microsoft's Website to update your Windows set- 
up, how to clean up, defragment and scan your hard disk, and 
how to backup and restore your data; How to successfully 
transfer text from those old but cherished MS-DOS programs. 


Order code BP514 £7.99 


INTRODUCING ROBOTICS WITH LEGO 
MINDSTORMS 
Robert Penfold 
Shows the reader how to build a variety of increasingly 
sophisticated computer controlled robots using the brilliant Lego 
Mindstorms Robotic Invention System (RIS). Initially covers 
fundamental building techniques and mechanics needed to 
construct strong and efficient robots using the various “click- 
together” components supplied in the basic RIS kit. explains in 
simple terms how the “brain” of the robot may be programmed 
on screen using a PC and “zapped” to the robot over an infra- 
red link. Also, shows how a more sophisticated Windows 
programming language such as Visual BASIC may be used to 
control the robots. 

Detailed building and programming instructions provided, 
including numerous step-by-step photographs. 


288 pages + Large Format (elmer ae £14.99 


MORE ADVANCED ROBOTICS WITH LEGO 
MINDSTORMS - Robert Penfold 

Shows the reader how to 
extendthecapabilities ofthe 
brilliant Lego Mindstorms 
Robotic Invention System 
(RIS) by using lego’s own 
accessories and some simple home constructed units. You 
will be able to build robots that can provide you with ‘waiter 
service’ when you clap your hands, perform tricks, ‘see’ and 


264 pages 


avoid objects by using ‘bats radar’, or accurately follow a line 
marked on the floor. Learn to use additional types of sensors 
including rotation, light, temperature, sound and ultrasonic and 
also explore the possibilities provided by using an additional 
(third) motor. For the less experienced, RCX code programs 
accompany most of the featured robots. However, the more 
adventurous reader is also shown how to write programs 
using Microsoft's VisualBASIC running with the ActiveX control 
(Spirit.OCX) that is provided with the RIS kit. 

Detailed building instructions are provided for the featured 
robots, including numerous step-by-step photographs. The 
designs include rover vehicles, a virtual pet, a robot arm, an 
‘intelligent’ sweet dispenser and a colour conscious robot 
that will try to grab objects of a specific colour. 


Order code BP902 £14.99 


THE PIC MICROCONTROLLER 

YOUR PERSONAL INTRODUCTORY COURSE 

- THIRD EDITION John Morton 

Discover the potential of the PIC microcontroller through 
graded projects — this book could revolutionise your 
electronics construction work! 

A uniquely concise and practical guide to getting up and 
running with the PIC Microcontroller. The PIC is one of the 
most popular of the microcontrollers that are transforming 
electronic project work and product design. 

Assuming no prior knowledge of microcontrollers and 
introducing the PICs capabilities through simple projects, 
this book is ideal for use in schools and colleges. It is the 
ideal introduction for students, teachers, technicians and 
electronics enthusiasts. The step-by-step explanations 
make it ideal for self-study too: this is not a reference book 
— you start work with the PIC straight away. 

The revised third edition covers the popular 
reprogrammable Flash PICs: 16F54/16F84 as well as the 
12F508 and 12F675. 


270 pages Order code NE36 £25.00 


INTRODUCTION TO MICROPROCESSORS AND 
MICROCONTROLLERS - SECOND EDITION 
John Crisp 
Ifyou are, or soon will be, involved in the use of microprocessors 
and microcontrollers, this practical introduction is essential 
reading. This book provides a thoroughly readable introduction 
to microprocessors and micrcontrollers. Assuming no previous 
knowledge of the subject, nor a technical or mathematical 
background. It is suitable for students, technicians, engineers 
and hobbyists, and covers the full range of modern micros. 
After a thorough introduction to the subject, ideas are 
developed progressively in a well-structured format. All 
technical terms are carefully introduced and subjects which 
have proved difficult, for example 2’s complement, are 
clearly explained. John Crisp covers the complete range of 
microprocessors from the popular 4-bit and 8-bit designs to 
today’s super-fast 32-bit and 64-bit versions that power PCs 
and engine management systems etc. 


Order code NE31 


298 pages 


222 pages £29.99 
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ERVICE 


ELECTRONICS 
TEACH-IN 4 


ELECTRONICS TEACH-IN 4 


A Broad-Based Introduction to Electronics 
plus FREE CD-ROM 

The Teach-In 4 book covers three of the 
most important electronics units that are currently studied in 
many schools and colleges. These include, Edexcel BTEC 
level 2 awards and the electronics units of the new Diploma in 
Engineering, Level 2. 

The Free cover-mounted CD-ROM contains the full Mod- 
ern Electronics Manual, worth £29.95. The Manual contains 
over 800 pages of electronics theory, projects, data, assem- 
bly instructions and web links. 

A package of exceptional value that will appeal to all those 
interested in learning about electronics or brushing up on 
their theory, be they hobbyists, students or professionals. 


Available NOW -— see page 24 in this issue for details 


The books listed have been selected 
by Everyday Practical Electronics 
editorial staff as being of special 
interest to everyone involved in 
electronics and computing. They 
are supplied by mail order direct to 
your door. Full ordering details are 
given on the last book page. 


FOR A FURTHER SELECTION 
OF BOOKS AND CDROMS 
SEE THE UK SHOP ON OUR 
WEBSITE 


www.epemag.com 


All prices include UK 
postage 


EASY PC CASE MODDING 

R.A Penfold 

Why not turn that anonymous grey tower, that is the heart of 
your computer system, into a source of visual wonderment and 
fascination. To start, you need to change the case or some case 
panels for ones that are transparent. This will then allow the inside 
of your computer and it’s working parts to be clearly visible. 

There are now numerous accessories that are relatively 
inexpensive and freely available, for those wishing to 
customise their PC with added colour and light. Cables and 
fans can be made to glow, interior lights can be added, and it 
can all be seen to good effect through the transparent case. 
Exterior lighting and many other attractive accessories may 
also be fitted. 

This, in essence, is case modding or PC Customising as 
it is sometimes called and this book provides all the practical 
details you need for using the main types of case modding 
components including:- Electro luminescent (EL) ‘go-faster’ 
stripes: Internal lighting units: Fancy EL panels: Data cables 
with built-in lighting: Data cables that glow with the aid of ‘black’ 
light from an ultraviolet (UV) tube: Digital display panels: LED 
case and heatsink fans: Coloured power supply covers. 


192 pages + CD-ROM @ilelgeigetofe(M =] 74 £8.99 


ROBOT BUILDERS COOKBOOK 

Owen Bishop 

This is a project book and guide for anyone who wants to 
build and design robots that work first time. 

With this book you can get up and running quickly, building 
un and intriguing robots from step-by-step instructions. 
Through hands-on project work, Owen introduces the 
programming, electronics and mechanics involved in practical 
robot design-and-build. The use of the PIC microcontroller 
hroughout provides a painless introduction to programming — 
harnessing the power of a highly popular microcontroller used 
by students, hobbyists and design engineers worldwide. 

Ideal for first-time robot builders, advanced builders wanting 
o know more about programming robots, and students 
ackling microcontroller-based practical work and labs. 

The book’s companion website at http://books.elsevier. 
com/companions/9780750665568 contains: downloadable 
iles of all the programs and subroutines; program listings 
or the Quester and the Gantry robots that are too long to be 


included in the book. 
Order code NE46 £26.00 


366 pages 
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THEORY AND REFERENCE 


GETTING THE MOST FROM YOUR MULTIMETER 
R. A. PenfoldM 
This book is primarily aimed at beginners and those of limited experience of electronics. 
Chapter 1 covers the basics of analogue and digital multimeters, discussing the relative merits 
and the limitations of the two types. In Chapter 2 various methods of component checking are 
described, including tests for transistors, thyristors, resistors, capacitors and diodes. Circuit 
testing is covered in Chapter 3, with subjects such as voltage, current and continuity checks 
being discussed. 

In the main little or no previous knowledge or experience is assumed. Using these simple 
component and circuit testing techniques the reader should be able to confidently tackle 


servicing of most electronic projects. 
Order code BP239 


96 pages £5.49 


OSCILLOSCOPES - FIFTH EDITION 

lan Hickman 

Oscilloscopes are essential tools for checking circuit operation and diagnosing faults, and an 
enormous range of models are available. 

This handy guide to oscilloscopes is essential reading for anyone who has to use a ’scope for 
their work or hobby; electronics designers, technicians, anyone in industry involved in test and 
measurement, electronics enthusiasts ... lan Hickman’s review of all the latest types of ’scope 
currently available will prove especially useful for anyone planning to buy — or even build — an 
oscilloscope. 

The contents include a description of the basic oscillscope; Advanced real-time 
oscilloscope; Accessories; Using oscilloscopes; Sampling oscilloscopes; Digital storage 
oscilloscopes; Oscilloscopes for special purposes; How oscillocopes work (1): the CRT; 
How oscilloscopes work (2): circuitry; How oscilloscopes work (3): storage CRTs; plus a 
listing of Oscilloscope manufacturers and suppliers. 


Order code NE37 


UNDERSTANDING ELECTRONIC CONTROL SYSTEMS 

Owen Bishop 

Owen Bishop has produced a concise, readable text to introduce a wide range of students, 
technicians and professionals to an important area of electronics. Control is a highly mathematical 


288 pages £36.99 


subject, but here maths is kept to a minimum, with flow charts to illustrate principles and techniques 
instead of equations. 

Cutting edge topics such as microcontrollers, neural networks and fuzzy control are all here, making 
this an ideal refresher course for those working in Industry. Basic principles, control algorithms and 
hardwired control systems are also fully covered so the resulting book is a comprehensive text and 
well suited to college courses or background reading for university students. 

The text is supported by questions under the headings Keeping Up and Test Your Knowledge 
so that the reader can develop a sound understanding and the ability to apply the techniques 
they are learning. 


Order code NE35 


228 pages £36.99 


A BEGINNER’S GUIDE TO TTL DIGITAL ICs 

R. A. Penfold 

This book first covers the basics of simple logic circuits in general, and then progresses to 
specific TTL logic integrated circuits. The devices covered include gates, oscillators, timers, flip/ 
flops, dividers, and decoder circuits. Some practical circuits are used to illustrate the use of TTL 


devices in the “real world”. 
Order code BP332 


142 pages £5.45 


MICROCONTROLLER COOKBOOK 

Mike James 

The practical solutions to real problems shown in this cookbook provide the basis to make 
PIC and 8051 devices really work. Capabilities of the variants are examined, and ways 
to enhance these are shown. A survey of common interface devices, and a description 
of programming models, lead on to a section on development techniques. The cookbook 
offers an introduction that will allow any user, novice or experienced, to make the most of 


microcontrollers. 
Order code NE26 


240 pages £36.99 


FULL COLOUR COMPUTING BOOKS 


HOW TO FIX YOUR PC PROBLEMS R.A. Penfold 

What do you do when your laptop or desktop stops working properly. Do you panic, try to 
find the answer on the page of fault finding tips you may find at the back of the manufacturers 
manual. Or do you spend hours trying to get through to a telephone helpline or waste even 
more time waiting for an email reply from a helpdesk. 

Well help is now at hand! This book will assist you in identifying the type of problem, 
whether it’s hardware, software or a peripheral that is playing up? Once the fault has been 
identified, the book will then show you how to go about fixing it. This book uses plain English 
and avoids technical jargon wherever possible. It is also written in a practical and friendly 
manner and is logically arranged for easy reference. 

The book is divided into four main sections and among the many topics covered are: 
Common problems with Windows Vista operating system not covered in other chapters. 
Also covers to a lesser extent Windows XP problems. Sorting out problems with ports, 
peripherals and leads. Also covers device drivers software and using monitoring software. 
Common problems with hard disc drives including partitioning and formatting a new drive. 
Using system restore and recovering files. Also covers CD-ROM and Flash drives. Common 
problems with sound and video, including getting a multi-speaker system set up correctly. 

An extremely useful addition to the library of all computer users, as you never know when 
a fault may occur! 

Printed in full colour on high quality non-refective paper 


Order code BP705 £8.49 


AN INTRODUCTION TO WINDOWS VISTA P.R.M. Oliver and N. Kantarris 

If you have recently bought a new desktop or laptop it will almost certainly have Windows 
as its operating system. Windows Vista manages the available resource of a computer and 
also ‘controls’ the programs that run on it. 

To get the most from your computer, it is important that you have a good understanding of 
Vista. This book will help you acheive just that. It is written in a friendly and practical way and 
is suitable for all age groups from youngsters to the older generation. It has been assumed 
that Vista is installed and running on your computer. 

Among the numerous topics explained are: The Vista environment with its many windows. 
How to organise your files, folders and photos. How to use Internet Explorer for your web 
browsing. How to use Microsoft Mail for your emails. How to control your PC and keep it 
healthy. How to use Vista’s Accessibility features if you have poor eye sight or difficulty in 
using the keyboard or mouse. And much more besides.... 

With the help of this book you will easily and enjoyably 
gain a better understanding of Microsoft's amazing Windows 
Vista operating system. 

Printed in full colour on high quality non-refective paper 


Order code BP703 


COMPUTING WITH A LAPTOP FOR THE OLDER 
GENERATION R.A. Penfold 
Laptop computers have rapidly fallen in price, increased in 
specification and performance and become much lighter in 
weight. They can be used practically anywhere, then stored away 
out of sight. It is therefore, not surprising that laptop sales now far 
exceed those of desktop machines and that they are increasingly 
becoming the machine of choice for the older generation. 

You may want to use your laptop as your main computer 
or as an extra machine. You may want to use your laptop 
on the move, at home, at work or on holiday. Whatever your 
specific requirements are, the friendly and practical approach 


128 pages 


£8.49 


120 pages 
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of this book will help you to understand and get the most from your laptop PC in an easy and 
enjoyable way. It is written in plain English and wherever possible avoids technical jargon. 

Among the many topics covered are: Choosing a laptop that suits your particular 
needs. Getting your new computer set up properly. Customising your computer so that it 
is optimised for your particular needs. Setting up and dealing with user accounts. Using 
the Windows ‘Ease of Access Center’. Optimising the life and condition of your battery. 
Keeping the operating system and other software fully up-to-date. Troubleshooting common 
problems. Keeping your computer and data safe and secure. And much more besides... 

Even though this book is written for the older generation, it is also suitable for anyone of 
any age who has a laptop or is thinking of buying one. It is written for computers that use 
Windows Vista as their operating system but much will still apply to Windows XP machines. 
Printed in full colour on high quality non-refective paper 


120 pages Order code BP702 £8.49 


AN INTRODUCTION TO EXCEL SPREADSHEETS Jim Gatenby 

The practical and friendly approach of this book will help newcomers to easily learn 
and understand the basics of spreadsheets. This book is based on Microsoft's Excel 2007 
spreadsheet, but much of the book will still apply to earlier versions of Excel. The book is 
written in plain English, avoiding technical and mathematical jargon and all illustrations are 
in full colour. It is suitable for all age groups from youngsters to the older generation. 

Among the many topics explained are how to: Install the software. Use the exciting new 
features of Excel 2007. Create and use a spreadsheet. Enter, edit and format text, numbers 
and formulae. Insert and delete columns and rows. Save and print a spreadsheet. Present 
the information on a spreadsheet as a graph or chart. Manage and safeguard Excel files on 
disc. Use Excel as a simple database for names and addresses. 

This book will help you to quickly gain confidence and get to grips with using spreadsheets. 
In fact, you will wonder how you ever managed without them. 

Printed in full colour on high quality non-reflective paper. 


Order code BP701 


AN INTRODUCTION TO DIGITAL PHOTOGRAPHY WITH VISTA R.A. Penfold 
The friendly and practical approach of this book will help newcomers to digital 
photography and computing to easily learn the basics they will need when using a 
digital camera with a laptop or desktop PC. It is assumed that your PC uses Windows 
Vista, however, if it is a Windows XP machine the 
vast majority of this book will still apply. The book is 
written in plain English, avoiding technical jargon and 
all illustrations are in full colour. It is suitable for all age 

groups from youngsters to the older generation. 

Among the many topics explained are how to: 
Understand the basic features of a digital camera. 
Transfer photographs from your digital camera to your 
computer. View your photographs. Save, sort and file 
your photographs. Manipulate, crop and carry out simple 
corrections to your photographs. Copy your photographs 
on to CD or DVD. Print your photographs. Share images 
with family and friends anywhere in the world by email or 
with an online album. 

This book will help you quickly get to grips with, gain 
confidence and expand your horizons in the fascinating 
hobby of digital photography. 

Printed in full colour on high quality non-reflective paper. 


Order code BP700 £8.49 


118 pages £8.49 
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eBAY - TWEAKS, TIPS AND 
TRICKS 
R. A. Penfold 
Online auction sites are one of the most popular types of site 
on the internet, and the most popular of these is the eBay 
site. On eBay you can buy and sell practically anything at 
surprisingly low cost, and all from the comfort of your armchair! 
This book contains numerous tweaks, tips and tricks 
covering various aspects of buying and selling on eBay. 
These tweaks, tips and tricks will help both new and more 
experienced users of the site to make the most of eBay's 
facilities while remaining safe and secure. 
Among the many topics covered are: Finding the items 
you require using the eBay search facility: Getting the best 
prices when buying and selling on eBay: Avoiding both 
buying and selling scams: Determining the market value for 
items you intend buying or selling: How to avoid problems 
that may arise when buying and selling on eBay: Making 
the most of the various facilities that are built into the eBay 
site: How to take good photos of items you wish to sell using 
basic equipment: Using the My eBay page to stay in control 
of your buying and selling activities: And more besides. 


128 pages Order code BP716 £7.50 


THE INTERNET - TWEAKS, TIPS 
AND TRICKS 
R. A. Penfold 
Robert uses his vast knowledge and 
experience in computing to provide you with useful _ hints, 
tips and warnings about possible difficulties and pitfalls 
when using the Internet. This book should enable you to get 
more from the Internet and to discover ways and means of 
using it that you may not have previously realised. 

Among the many topics covered are: Choosing a suitable 
browser: Getting awkward pages to display properly: Using 
Java, spell checkers and other add-ons: Using proxy servers 


to surf anonymously and privacy facilities so you do not leave 
a trail of sites visited. Ways of finding recently visited sites 
you can no longer find: Using download managers to speed 
up downloads from slow servers. Plus, effective ways and 
tricks of using search engines to locate relevant info: Tricks 
and tips on finding the best price for goods and services: 
Not getting “conned” when buying or selling on eBay: Finding 
free software: Finding and using the increasing range of 
Cloud computing services: Tips on selecting the best security 


settings: Etc,etc,etc. 
Order code BP721 £7.50 


128 pages 

FREE DOWNLOADS TO PEP-UP 

AND PROTECT YOUR PCS 

R. A. Penfold 

Robert uses his vast knowledge and 

experience in computing to guide the reader simply through 
the process of finding reliable sites and sources of free 
software that will help optimise the performance and protect 
their computer against most types of malicious attack. 

Among the many topics covered are: Using Windows 7 
optimisation wizard: Using Pitstop for advice on improving 
performance, reducing start up times, etc: Free optimisation 
scans and the possibility of these being used as a ploy to 
attack your PC. 

Plus, free programs such as Ccleaner, Registry checker 
and PCPal optimisation software: Internet speed testing 
sites and download managers: Overclocking sites together 
with warnings about using this technique: Sites and software 
for diagnosis of hardware faults, including scanning for out 
of date drivers and finding suitable replacements: Free 
Antivirus software and programs that combat specific types 
of malware: Firewalls: Search engines to identify mystery 
processes listed in Windows Task Manager. 


Order code BP722 £7.50 


128 pages 


All prices include UK postage. for postage to Europe (air) and the rest of the world (surface) please 
add £2 per book. For the rest of the world airmail add £3 per book. Note: Overseas surface mail 
postage can take up to 10 weeks. CD-ROM prices include VAT and/or postage to anywhere in the 
world. Send a PO, cheque, international money order (£ sterling only) made payable to Direct Book 
Service or card details, Visa, Mastercard or Maestro to: 


DIRECT BOOK SERVICE, WIMBORNE PUBLISHING LIMITED, 113 LYNWOOD DRIVE, 
MERLEY, WIMBORNE, DORSET, BH21 1UU. 


Books are normally sent within seven days of receipt of order, but please allow 28 days for delivery — more for overseas orders. 
Please check price and availability (see latest issue of Everyday Practical Electronics) before ordering from old lists. 


For a further selection of books see the next two issues of EPE. 
Tel 01202 880299 Fax 01202 843233. Email: dbs @wimborne.co.uk 
Order from our online shop at: www.epemag.com. Go to the ‘UK store’. 


COMPUTING 


AND ROBOTICS 


NEWNES INTERFACING COMPANION 

Tony Fischer-Cripps 

A uniquely concise and practical guide to the 
hardware, applications and design issues involved in 
computer interfacing and the use of transducers and 
instrumentation. 

Newnes Interfacing Companion presents the essential 
information needed to design a PC-based interfacing 
system from the selection of suitable transducers, to 
collection of data, and the appropriate signal processing 
and conditioning. 

Contents: Part 1 — Transducers; Measurement systems; 
Temperature; Light; Position and motion; Force, 
pressure and flow. Part 2 — Interfacing; Number systems; 
Computer architecture; Assembly language; Interfacing; 
A to D and D to A conversions; Data communications; 
Programmable logic controllers; Data acquisition project. 
Part 3 — Signal processing; Transfer function; Active 
filters; Instrumentation amplifier; Noise; Digital signal 


processing. 
Order code NE38 £41.00 


295 pages 


HOW TO BUILD A COMPUTER 

R.A. Penfold 

To build your own computer is, actually, quite easy and 
does not require any special tools or skills. In fact, all 
that it requires is a screwdriver, pliers and some small 
spanners rather than a soldering iron! The parts required 
to build a computer are freely available and relatively 
inexpensive. 

Obviously, a little technical knowledge is needed in order 
to buy the most suitable components, to connect everything 
together correctly and to set up the finished PC ready for use. 
This book will take you step-by-step through all the 
necessary procedures and is written in an easy to 
understand way. The latest hardware components are 
covered as is installing the Windows Vista operating system 


and troubleshooting. 
Order code BP591 £8.99 


BUILDING VALVE AMPLIFIERS 

Morgan Jones 

The practical guide to building, modifying, fault-finding 
and repairing valve amplifiers. A hands-on approach to 
valve electronics — classic and modern — with a minimum 
of theory. Planning, fault-finding, and testing are each 
illustrated by step-by-step examples. 

A unique hands-on guide for anyone working with 

valve (tube in USA) audio equipment — as an electronics 
experimenter, audiophile or audio engineer. 
Particular attention has been paid to answering questions 
commonly asked by newcomers to the world of the 
vacuum tube, whether audio enthusiasts tackling their 
first build, or more experienced amplifier designers 
seeking to learn the ropes of working with valves. The 
practical side of this book is reinforced by numerous clear 
illustrations throughout. 


320 pages 


368 pages Order code NE40 £29.00 


PRACTICAL FIBRE-OPTIC PROJECTS 

R. A. Penfold 

While fibre-optic cables may have potential advantages 
over ordinary electric cables, for the electronics enthusiast 
it is probably their novelty value that makes them worthy 
of exploration. Fibre-optic cables provide an innovative 
interesting alternative to electric cables, but in most cases 
they also represent a practical approach to the problem. 
This book provides a number of tried and tested circuits for 
projects that utilize fibre-optic cables. 

The projects include:- Simple audio links, F.M. audio link, 
P.W.M. audio links, Simple d.c. links, P.W.M. d.c. link, P.W.M. 
motor speed control, RS232C data links, MIDI link, Loop 
alarms, R.P.M. meter. 

All the components used in these designs are readily 
available, none of them require the constructor to take out 
a second mortgage. 


Order code BP374 £5.45 


132 pages 
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PCB SERVICE 


CHECK US OUT ON THE WEB 


Printed circuit boards for most recent EPE constructional projects are 
available from the PCB Service, see list. These are fabricated in glass fibre, 
and are fully drilled and roller tinned. Double-sided boards are NOT plated 
through hole and will require ‘vias’ and some components soldering to 
both sides. All prices include VAT and postage and packing. Add £2 per 
board for airmail outside of Europe. Remittances should be sent to The 
PCB Service, Everyday Practical Electronics, Wimborne Publishing 
Ltd., 113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU. 
Tel: 01202 880299; Fax 01202 843233; Email: orders@epemag. 
wimborne.co.uk. On-line Shop: www.epemag.com. Cheques should be 
crossed and made payable to Everyday Practical Electronics (Payment in 
£ sterling only). 


NOTE: While 95% of our boards are held in stock and are dispatched 
within seven days of receipt of order, please allow a maximum of 28 days 
for delivery — overseas readers allow extra if ordered by surface mail. 


Back numbers or photocopies of articles are available if required — 
see the Back Issues page for details. WE DO NOT SUPPLY KITS OR 
COMPONENTS FOR OUR PROJECTS. 


PROJECT TITLE 
SEPTEMBER ‘11 


* Digital Megohm and Leakage Current Meter 
Auto-Dim for 6-Digit GPS Clock 


OCTOBER ‘11 

* High-Quality Stereo DAC — 
Input & Control Board 
Stereo DAC/Analogue Board 
Front Panel Switch 
Power Supply Board 

Twin Engine SpeedMatch Indicator 

* Wideband Air/Fuel Display (double-sided) 


NOVEMBER ‘11 
* Digital Capacitor Leakage Meter 
One-of-Nine Switch Indicator 

— Main Board 

— Remote Display Board 


ORDERCODE COST 


DECEMBER ‘11 
* Wideband Oxygen Sensor Controller 
* WIB (Web Server In A Box) 
* Ginormous 7-segment LED Panel Meter 
— Master (KTA-255v2) 
— Slave (KTA-256v2) 
— Programmed Atmega328 


JANUARY '12 
Balanced Output Board For The Stereo DAC 


FEBRUARY '12 
* Air Quality Monitor (CO,/CO) 
WIB Connector Daughter PCB 


MARCH 12 

* Internet Time Display Module 

Solar-Powered Intruder Alarm 

* Very, Very Accurate Thermometer/Thermostat 


APRIL ’12 

* Digital Audio Signal Generator 
— Main Board (Jay or Alt) 
—Control/Display Board 


EHT Stick 
Capacitor Leakage Adaptor For DMMs 


MAY 12 
High-Performance 12V Stereo Amplifier 
Low-Power Car/Bike USB Charger 
* Solar-Powered Lighting Controller 
Jump Start — Plant Pot Moisture Sensor 
— Rain Alarm (Main) 
— Rain Alarm (Sensor) 


JUNE ’12 
* Digital Insulation Meter 
— Main/Display 
—DC-DC Converter 
Dual Tracking +0V to 19V PSU 
— Main PCB 
— Front Panel 
—LCD Meter 
Jump Start Quiz Machine 
— Master 
— Contestant 
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PROJECT TITLE 


COST 


JULY '12 
* 16-Bit Digital Potentiometer 

* Intelligent 12V Fan Controller 
Jump Start — Battery Voltage Checker 


AUGUST 12 
High Performance Microphone Pre-amplifier 
Jump Start — Solar Powered Charger 
* Electrolytic Capacitor Reformer And Tester 
* Ultrasonic Cleaner 
High-power DC Motor Speed Controller 
—Non-Reversible 
— Reversible 
(Both boards double-sided) 


SEPTEMBER ‘12 

Hearing Loop Receiver 
* Ultrasonic Anti-Fouling For Boats 
Jump Start — Versatile Theft Alarm 


OCTOBER 12 
S/PDIF To TOSLINK Converter 
TOSLINK to S/PDIF Converter 
* Digital Lighting Controller 

— Master Board 

— Slave Board 
Jump Start — Crazy Eyes 

— Ghostly Sounds 


NOWEMBER ‘12 
Hearing Loop Level Meter 
RFID Security System 

Jump Start — Frost Alarm 


Please check price and availability in the latest issue. 
A large number of older boards are listed on, and can be 
ordered from, our website. 


Boards can only be supplied on a payment with order basis. 


EPE SOFTWARE 


* All software programs for EPE Projects marked with a star, and 
others previously published can be downloaded free from the Library 
on our website, accessible via our home page at: www.epemag.com 


PCB MASTERS 


PCB masters for boards published from the March ’06 issue onwards 
can also be downloaded from our website (www.epemag.com); go 
to the ‘Library’ section. 


EPE PRINTED CIRCUIT BOARD SERVICE 
Order Code Project Quantity Price 


| enclose payment of £ (cheque/PO in £ sterling only) to: 


Everyday Practical 
Electronics 


ZEN io | 


Card No: ‘so he ke ie ad te Aen edhe 
Valid From Expiry Date 
Card Security No. Maestro Issue No. 


Signature 


Note: You can also order PCBs by phone, Fax or Email or via the 
Shop on our website on a secure server: 


http://www.epemag.com 
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ADVERTISEMENTS 


Everyday Practical Electronics 
reaches more UK readers than any 
other UK monthly hobby electronics 
magazine, our sales figures prove it. 


We have been the leading monthly 
magazine in this market for the last 
twenty-five years. 


If you want your advertisements to be seen by the largest readership at the most 
economical price our classified page offers excellent value. The rate for semi-display 
space is £10 (+ VAT) per centimetre high, with a minimum height of 2-5cm. All semi- 
display adverts have a width of 5.5cm. The prepaid rate for classified adverts is 40p 
(+VAT) per word (minimum 12 words). 

All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. 
VAT must be added. Advertisements, together with remittance, should be sent 
to Everyday Practical Electronics Advertisements, 113 Lynwood Drive, Merley, 
Wimborne, Dorset, BH21 1UU. Phone: 01202 880299. Fax: 01202 843233. Email: 
stewart.kearn@wimborne.co.uk. For rates and information on display and classified 
advertising please contact our Advertisement Manager, Stewart Kearn as above. 


BOWOOD ELECTRONICS LTD 


Suppliers of Electronic Components 
Place a secure order on our website or call our sales line 
All major credit cards accepted 
Web: www.bowood-electronics.co.uk 
Unit 10, Boythorpe Business Park, Dock Walk, Chesterfield, 
Derbyshire S40 2QR. Sales: 01246 200222 
Send 60p stamp for catalogue 


BASIC Computer on a chip? 

e Price as low as £4.95. 

e Fast 32bit interactive BASIC Installed 

e No need to learn Linux or C 

e 28 pin IC running at 40MHz, 128k Flash, 
32k RAM 

e Hook up to 3.3V and serial interface - kit 
available 

e Full tutorial with over 20 examples on line, 

e Learn, timers, multiplexing, interrupts, 
build a Volt meter 


ADVERTISE HERE FOR 
JUST £25 +VAT CALL 


STEWART KEARN 
ON 01202 880299 


STEWART.KEARN@WIMBORNE.CO.UK 
1 


www.byvac.com 


—, 


@ Robot Bits 


= Robots, Arduino & more! 


ve... NA 
ae 
~ 


www.RobotBits.co.uk 


0845 5 191 282 


BTEC ELECTRONICS 
TECHNICIAN TRAINING 


NATIONAL ELECTRONICS 
VCE ADVANCED ICT 
HNC AND HND ELECTRONICS 
FOUNDATION DEGREES 
NVQ ENGINEERING AND IT 
DESIGN AND TECHNOLOGY 


LONDON ELECTRONICS COLLEGE 
20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 
TEL: (020) 7373 8721 
www.lec.org.uk 


MISCELLANEOUS 


VALVES AND ALLIED COMPONENTS IN 
STOCK. Phone for free list. Valves, books and 
magazines wanted. Geoff Davies (Radio), tel. 
01788 574774. 


ADVERTISERS INDEX 
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Universal USB Data Logger - Part 1 

Based on a PIC micro, this simple, but useful project can log data to a memory card. It can read 
from many types of digital and analogue sensors, and features a real-time clock and calendar to 
‘time-stamp’ the data. 


Hot-wire cutter 


Ever tried to cut polystyrene or polyurethane materials using a saw, razor blade or knife? The 
results are invariably less than satisfactory. If you are after a clean, precise cut, a hot-wire cutter 
is the answer. The hot wire actually melts the material and results in a very neat, very fine cut, 
without a snowstorm of flakes! 


Hearing Loop Level Meter — Part 2 


We show how to build a calibration coil and adjust the tester so that it gives accurate results. We also 
describe how the unit is used. 


Digital Lighting Controller — Part 3 

Christmas is just about here... well, it is autumn! Have you got your Digital Lighting Controller ready 
yet? In the first two articles we explained how the controller works and how to build it. This third 
article explains how to use the software — primarily the Windows-based sequencing program. 


Jump Start 

Not quite ready for our all singing and dancing Digital Lighting Controller? No problem, next up 
with Jump Start in December's EPE is a Mini Christmas Lights project; a fun and easy-to-build 
project for all levels of experience. This will be Mike and Richard Tooley’s eighth project in our 
new series dedicated to newcomers, or those following courses taught in schools and colleges. 


DECEMBER ’12 ISSUE ON SALE 1 NOVEMBER 2012 


Rechargeable Batteries With Solder Tags 
NIMH NICAD 


THE ORIGINAL SINCE 


PCB-POOL 


Beta LAYOUT 


AA 650mAh 


PP3 150mAh .. 


Free Stencil 
Get a free SMD laser stencil 
with every Prototype order 


Instrument case with edge connector and screw terminals 
Size 112mm x 52mm _ x 105mm tall 


This box consists of a cream base with a PCB slot, a cover plate to pro- 
tect your circuit, a black lid with a 12 way edge connector and 12 screw 
terminals built in (8mm pitch) and 2 screws to hold the lid on. The cream 
bases have minor marks from dust and handling price £2.00 + 
VAT(=£2.35) for a sample or £44.00+VAT (=£51.70) for a box of 44. 


— = 


3D PCBs: Hands-on 
collision check 


= Assembly servige WW. 


Even one component possible— 


Cool 
Alu-Core IMS PCBs 


866 battery pack originally intended to be 
used with an orbitel mobile telephone it 
contains 10 1-6Ah sub C batteries (42 x 
22 dia. the size usually used in cordless 
screwdrivers etc.) the pack is new and 
unused and can be broken open quite 
easily £7.46 + VAT = £8.77 


Please add £1.66 + VAT = £1.95 postage & packing per order 


JPG Electronics 


Shaws Row, Old Road, Chesterfield, S40 2RB. 

Tel 01246 211202 Fax 01246 550959 
www.JPGElectronics.com 
Mastercard/Visa/Switch 
Callers welcome 9.30 a.m. to 5.30 p.m. Monday to Saturday 


Free Phone UK: 0800 389 8560 


sales@pcb-pool.com Dy, eS 
FRM Feocz000 alsin GB BE cence Min onl 
PCB-POOL® is a registered trademark of 


[PROTEUS] Wrsrrcnoers _ RS-274-X 


www.pcb-pool.com Beta 


LAYOUT 


Published on approximately the first Thursday of each month by Wimborne Publishing Ltd., 113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU. Printed in England by Acorn Web Offset Ltd., 
Normanton, WF6 1TW. Distributed by Seymour, 86 Newman St., London W1T 3EX. Subscriptions INLAND: £21.95 (6 months); £41.50 (12 months); £78.00 (2 years). OVERSEAS: standard air service, 
£25.00 (6 months); £48.00 (12 months); £91.00 (2 years). Express airmail, £35.00 (6 months); £68.00 (12 months); £131.00 (2 years). Payments payable to “Everyday Practical Electronics’, Subs Dept, 
Wimborne Publishing Ltd. Email: subs@epemag.wimborne.co.uk. EVERYDAY PRACTICAL ELECTRONICS is sold subject to the following conditions, namely that it shall not, without the written consent of the 
Publishers first having been given, be lent, resold, hired out or otherwise disposed of by way of Trade at more than the recommended selling price shown on the cover, and that it shall not be lent, resold, hired out 
or otherwise disposed of in a mutilated condition or in any unauthorised cover by way of Trade or affixed to or as part of any publication or advertising, literary or pictorial matter whatsoever. 


AA 
Lc Atlas House, 2 Kiln Lane 
k Harpur Hill Business Park 

Buxton, Derbyshire 


SK17 9JL, UK 


Tel. 01298 70012 
AA 
UK designed, 


UK made, 
with pride. 


aS www.peakelec.co.u 
sales@peakelec.co.uk 


The Atlas LCR (Model LCR40) is now supplied with 
our new premium quality 2mm plugs and sockets to 
allow for greater testing flexibility. Includes 2mm 
compatible hook probes as standard, other 
types available as an option. 
Automatically test inductors 
(from 1uH to 10H), capacitors 
(1pF to 10,000uF) and 
resistors (10 to 2MQ). Auto- 
range and auto component 
selection. 
Automatic test frequency from 
DC, 1kHz, 15Hz and 200kHz. 


Basic accuracy of 1.5%. 
Battery and user guide included. 


¢Y 


£74.96 + vax 


£89.95 inc VAT 


The Atlas ESR PLUS (Model ESR70) is designed for 
testing the true condition of your capacitors. 
The ESR70 will measure both the capacitance and 
internal resistance (equivalent series resistance) with 
a resolution of 0.010. ESR can even be 
measured in-circuit in most circumstances. 
Features audible alerts and automatic analysis 
when the probes are applied to a 
capacitor. 


Fitted with new premium quality gold 
i 2mm plugs and sockets to allow for 
different probes. Supplied with gold 


crocs as standard, other types available. 
£78.29 +VA Capacitance from 1uF to 22000uF, ESR 
£93.95 inc VAT 


from 0.009 to 40.00. 


For insured UK delivery: 
Please add £3.00 inc VAT 
to the whole order. 
Check online or 
give us a call for 
overseas pricing. 


PEAK” 


electronic design Itd 


The Atlas DCA (Model DCAS55) is great for 
automatically identifying your semiconductors, 
identifying pinouts and measuring important 
component parameters. 
Just connect any way round to automatically 
detect MOSFETs, Bipolar Transistors, 
Darlingtons, Diodes, LEDs and more. 
Measure transistor gain, leakage 
current, threshold voltages and pn 
voltage drops. 
Now with sturdy premium probes, really 
tough, really universal. 


Battery and user £41 63 + VAT 


guide included. 
£49.95 inc VAT 


The Atlas SCR (Model SCR100) is aimed at efficiently 
testing higher power thyristors and triacs. This tiny 
instrument can generate test currents from 100uA up 
to 100mA, covering the needs of most thyristors and 
triacs. 


Just connect any way round and let the unit 
identify the type of component (Triac or 
Thyristor), the full pinout, the gate sensitivity 
and the gate voltage drop. The load test 
voltage is regulated to 12V, regardless of 
battery condition! 


Now with extra long life from the supplied 


AAAalkaline cell! £73.29 «var 


Supplied with sturdy 
gold plated hook probes. £87.95 inc VAT 


SCR100 


It's only possible to show summary specifications here. Please ask if you'd like detailed data. Further information is also available on our website. Product price refunded if you're not happy 


www.stewart-of-reading.co.uk 


Check out our website, 7, 


000's of items in stock. 


AGILENT E4402B Spectrum Analyser 
100HZ — 3GHZ with Option 1DN Tracking 
Gen; 1 DR Narrow Res; A4H GPIB, 


HP 35670A FFT Dynamic Signal Analyser 
2 Channel. Unused in original box...£4000 


HP53131A Universal Counter Opt 001 


Paused Boxed SCZ MARCONI 2305 Modulation Meter.£295 


MARCONI 6960B Power Meter with 


HP8560E SPECTRUM ANALYSER 
30HZ-2.9GHZ with Tracking Generator 
£3,500 
HP8560 SERIES SPECTRUM 
ANALYSER Frequency up to 26GHZ 
Various Models from £2,500-£7,000 


HP83731A/B 
SYNTHESISED SIGNAL GENERATOR 
1-20GHZ Various Options 


£4,000-5,000 | 


TEKTRONIX TDS784D 
4 Channel 1GHZ 4GS/S 

Opts 05/1M/2M/2C/3C/4C no Probes 

£2,750 


GENERATOR Options B1/3/4/5/11/14/17 
£POA 


RACAL 1792 RECEIVER 
£300 


AGILENT 83752B Synthesised Sweeper 
0:01=20GHZii ss iccestecsteaiancssannendasd £6000 
HP83711B Synthesised 1-20GHZ with 
Opt IEI Attenuator a 
AGILENT/HP E4431B 
250KHZ-2GHZ Digital Modulation...£2750 
MARCONI 2024 Signal Generator 9KHZ- 
2.4GHZ Opt 04... £1250 
MARCONI/IFR 203 
10KHZ-1.35 GHZ 
MARCONI 2022E Synthesised AM/FM 
Signal Generator 10KHZ-1.01GHZ ...£500 
HP8566A Spectrum Analyser 100HZ- 


Q2GHZ. sc cstceesicasianeieesiecacdestwieesat £1950 
HP8568A Spectrum Analyser 100HZ- 
W50OMAZ......ctccadssssgeseeastsisnasgueees £1250 
AVCOM PSA-37D Spectrum Analyser 
IMHZ=4:2GHZ..: cccccsssctscccsassesecssncewsis £- 
IFR 1200S Service Communication 
MomitOfes.sciisis ecassicsisasvesssaossasanayd £1500 


HP6624A Power Supply 0-20V 0-2A 
Twice, 0-7V 0-5A; 0-50V 0.8A 


Special prices .cc.c0cs..cceseessecenceresaesd £350 
AVO/MEGGAR FT6/12 AC/DC 
breakdown tester................. £400-£600 


MARCONI/IFR/AEROFLEX 2025 Signal 
Gen 9KHZ—2.51GHZ Opt 04 High Stab 
Opt 11 High Power etc As New.......£2500 
SOLARTRON 1250 Frequency Response 


Analyser 10UHZ-65KHZ..............044 £995 
HP3324A Synthesised Function 
Generator 21MHZ..............0.0 0 £500 
HP41800A Active Probe 5HZ-500MHZ 
paleGgesnsstachianedsaedeSadazbasdeoehsecrarenee £750 
ANRITSU MS2601A Spectrum Analyser 
1OKHZ-2.2GHZ 50o0hm...............06- £750 
AGILENT E4421B 250KHZ-3GHZ 

Signal Generator.................::008 £2500 


QUART LOCK 10A-R Rubidium 
Frequency Standard... 
PENDULUM CNT90 Timer/Counter 


/Analyser 20GHZ...............46:0668 £1950 
ADVANTEST R3465 Spectrum 
Analyser 9KHZ-8GHZ...............0::06 £- 


HP Programmable Attenuators £300 
each 

33320H DC-18GHZ 11db 

33321G DC-18GHZ 70db 

Many others available 

AGILENT E3610A Power Supply 0-8v 
0-3A/0-15v 0-2A Unused 

AGILENT E3611A Power Supply 0-20V 
0-1.5A/0-35V 0-0.85V Unused 
HP6269B Power Supply 0-40V 0-50A 


AMPLIFIER RESEARCH Power 
Amplifier 1O0OLAMB................+. £POA 
MARCONI/IFR 2945/A Radio 
Communication Test Sets with options 
vin dena cuienganaranensemoneheatanee from £3,000 
MARCONI 2955/A/B Radio 
Communication Test Sets..... from £625 
MARCONI/IFR 6200/6200B Microwave 
POSE SOti..sssesicsecrisseecsenscseatsasciacsee £- 
HP33120A Function Generator 

100 MicroHZ — 15MHZ Unused Boxed 
£595 


Used, No Moulding, No Handle 
ENI 3200L RF Power Amplifier 
250KHZ-150MHZ 200W 55Db...£POA 
CIRRUS CRL254 Sound Level Meter 
with Calibrator: :.ici0...c0ssccesssccesses £95 
CEL328 Digital Sound Level Meter with 
CEL284/2 Acoustical Calibrator........... 


ANRITSU 54169A 
Scaler Network 
Analyser 0.01- 
40GHZ £POA 


ANRITSU 37247C 
Vector Network 
Analyser 0.04- 
20GHZ £POA 


Many Accessories 
with each unit 


FLUKE SCOPEMETERS 99B Series II 
2Ch 100MHZ 5GS/G 


from £325 
from £225 


STEWART of READING 
17A King Street, Mortimer, 
Near Reading RG7 3RS 
Telephone: 0118 933 1111 
Fax: 0118 933 2375 
9am — 5pm Monday — Friday 


Used Equipment - GUARANTEED 
Prices plus Carriage and VAT 


Please check availability before 
ordering or CALLING IN 


ROUTE FASTER ! 
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WITH PROTEUS PCB DESIGN 


Our completely new manual router makes placing tracks quick and intuitive. During track 
placement the route will follow the mouse wherever possible and will intelligently move 
around obstacles while obeying the design rules. 


All versions of Proteus also include an integrated world class shape based auto-router as 
standard. 


PROTEUS DESIGN SUITE Features: 
Hardware Accelerated Performance. » Board Autoplacement & Gateswap Optimiser. 
Unique Thru-View™ Board Transparency. » Direct CADCAM, ODB++, IDF & PDF Output. 
Over 35k Schematic & PCB library parts. «= Integrated 3D Viewer with 3DS and DXF export. 
Integrated Shape Based Auto-router. » Mixed Mode SPICE Simulation Engine. 
Flexible Design Rule Management. » Co-Simulation of PIC, AVR, 8051 and ARM7. 
Polygonal and Split Power Plane Support. = Direct Technical Support at no additional cost. 


Prices start from just £150 exc. VAT & delivery 


labcenter, VV VV \ www. labcenter.com 


Electronics Visit our website or 


phone 01756 753440 
Labcenter Electronics Ltd. 53-55 Main Street, Grassington, North Yorks. BD23 5AA. 4 
Registered in England 4692454 Tel: +44 (0)1756 753440, Email: info@labcenter.com for more details 


